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THE PERCiT BLADEN TRUST EXPEDITIONS* TO THE ABKOLHOS 
ISLANDS (Indian Ocean). 

Under the Leadership of Prof. W. J. Dakin, F.L.S.. F.Z.S. 


Amphipoda and Isopoda. By W. M. Tattbrsall, D.Sc., Keeper of the 
Manchester Museum. (Communicated hy Prof. W. J. Dakin, F.L.S.) 

(Platms 1-3.) 

[Head 5th May, 1981.] 

I AM indebted to Professor Dakin for the opportunity of examining the small 
collection of Amphipoda and Isopoda which he made during his expedition 
to the Abrolhos Islands. Nine species of Amphipoda and three of Isopoda 
were found in the collection. The number of specimens was very small, and 
considerable difficulty lias been encountered in the endeavour to identify 
them satisfactorily. I hnve not been able to satisfy myself that any of the 
Amphipoda represent undescribed species, but in almost all cases the 
specimens showed some departure from existing descriptions. The recent 
work of Chilton has, however, shown that in the Amphipoda wo are dealing 
with a dominant and virile group of Crustacea exhibiting relatively endless 
variations, and the time has now arrived when it is better to determine the 
extent of specific variation than to regard each departure from the normal as 
of specific value. Future work will undoubtedly reduce the number of valid 
species of Amphipoda. 

• Acknowledgement must bo made here alsj of a grant from the Government Grant 
Committee of the Royal Society, and n grant from the British Association. 

LINN. JOUKN,— ZOOLOGY, VOL. XXXV. 
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SLADES TRUST EXPEDITIONS TO ABROLHOS ISLANDS* 


The main interest of the collections lies in the bearing which it has on the 
general question of the origin of the fauna of the Abrolhos Islands. As 
Professor Dakin has already pointed out, these islands are remarkable as 
being the most southerly islands in the world with coral reefs fringing their 
shores, and this fact would suggest that the fauna of the islands should, in 
the main, bear a strong tropical facies. The Amphipoda in this collection 
bear out that suggestion. I have in the following table indicated the known 
geographical distribution of all the species in the collection. It will be seen 
at once that six of them lmve a wide distribution in the tropical and sub- 
tropical waters of the Indian and Western Pacific Oceans, ranging from 
South and East Africa to the Oceanic Islands of the Pacific. Two other 
species , Parharpinia villosa and Gnibia setosa , have so far only been mot with 
in the waters round South and East Australia and New Zealand. Only one 
species, Parawaldeckia ladder i, seems to be a migrant from the Southern 
waters of the Antarctic sub-Polar seas. 

Of the Isopoda, two species are described as new, but all throe species in 
this collection belong to the Sphseromidiw. a family of Isopoda characteristic 
of the warmer waters of the globe. 
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AMPHIPODA. 

Family LYSIANASSJDjE. 

Genus Parawaldeckia, St ebbing. 

1. Parawaldeckia kidderi (S. I. Smith). (Tl. 1. fi«s. 1-0. J 

Nannonyx kidderi,' Chilton, 1909, p. 015. 

Parawaldeckia Thomsoni, Stubbing, 1910 (1), p. 571. 

Locality. Dredge off Wallaby Group, one male and two females, fi-7 mm. 

Distribution. Kerguelen (Smith), Torres Straits (Miers), Tasmania (Thom- 
son), New Zealand (Thomson), Campbell Islands and Auckland Islands 
(Chilton), Kermadec Islands ((Chilton), 

Remarks. The difficulties whWi present themselves to the student o£ 
Amphipoda in attempting to identify isolated specimens from remote 
localities are nowhere more abundantly illustrated than by a reference to the 
history of this species, as detailed by Chilton in the paper quoted above. It 
had been referred to three different genera and been described under at lea>t 
five and probably as many as eight different specific names. Its adventurous 
career was even then not at an end, for in the next year Stabbing, who had 
not been able to consult Chilton's paper before his own went to press, pro- 
posed a new genus, Parawaldeckia, for the reception of Xannonyx thomsoni , 
one of the many synonyms of this species. It seems that at last the species 
has a permanent abiding place of its own. 

I believe my specimens to belong to the species as described by Chilton. 
They agree closely with his description except in one point. The adult male 
presents the usual sexual differences in the third uropods exhibited by so 
many Lysianassuhe, in having the rami of these appendages enlarged and 
fringed with plumose seta?. Chilton says that in the male the third uropods 
are the same as in the female. I give a figure of the tclson of one 
of my specimens, showing it to he slightly excavated but not, distinctly 
cleft. Bach lobe jrf^the apex is armed with two short spines, and there are 
two delicate plumose setae on each lateral margin. In this respect my 
specimens are in substantial agreement with Chilton's descriptions. Tlio 
outer plate of the maxillipcd is broadly rounded and unarmed, the inner 
plate truncate and armed with three blunt teeth. 

The genus Parawaldeckia is characterised by the possession of accessory 
lobes to the branchial vesicles and by having the last joint of the peduncle of 
the second antenna of the male dilated and moderately long, the remaining 
joints being small. It is very closely allied to Waldeckia, and differs only in 
having the telson slightly excavated, whereas in WaldccLia it is deeply cleft. 
My specimens agree with the definition of the genus Parawaldeckia in these 
points. There can be no question as to its relationship to Wahleckia , for a 
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BLADEN TRl ST EXPEDITIONS TO ABROLUOS ISLANDS. 


comparison of the figures of some of the appendages given herewith with 
those published by Chovreux and Walker for Waldeckia will show the closest 
agreement in general form, especially in the first and second gnathopods. 


Family PHOXOCEPHALIDJE. 


Genus Pariiarimnia, Steblmg. 


2. Pabharpinia villosa ( Ilaswell ). (PI. 1. figs. 7-14.) 

Phonts viHosuft, Ilaswell, 1880 (1), p. 258, pi. ix. fig. 2. 
Parharpinia vilioser , Stebbmg, 1000, p 117. 


Locality . Sandy Island, Wallaby Group, one female with incubatory 
lamella?, (5 mm. 

Distribution. Goasts of Australia (Ilaswell) and New Zealand (Thornton). 
Remark*. In comparing this specimen with Stebbing’fe description, it is 


found to differ in the ft 



1. 

Antenna 1. 
Flagellum. 
Accessory App. 

2. 

Antenna 2. 
Flagellum. 

3. 

Outer plate of 
Maxillipeds. 

4. 

Gimtbopod 2. 

3. 

l’enropods 1 & 2. 

«. 

Feiasopotl 3. 

7. 1 

Peiuopod 5. 

N 

Uiopod 2. 


mg points : — 


i Stubbing. 


13 Joints. 

10 joints. 

1 7 joints. 

Extend to more than lialf- 
way along the long 
second joint of the pulp, 
and art* fringed with a 
dozen graduated spines 
ferrate on both edges. 

Fifth joint about as long 
as the sixth 

Apical spine of the fifth 
joint ncAily as long as 
the sixth joint. 

Fifth joint scairelj longer 
than the sixth. 

Second joint not produced 
to enA of four tli. 

Peduncle fringed with ten 
outstanding spines. 


Piesent specimen 


10 joints. , 

7 joints 

1 1 joints. 

Bnreh extend bexoud the 
fiist joint of the palp 
and ha\e onlj eight I 
senate spines. 


Fifth joint much shoitcr 
than the sixth 
Epical spine of the fifth 
joint half as long as the 
sixth joint. 

Sixth joint h nger than , 
the fifth I 

Second joint produced to i 
end of fourtli. . 

Peduncle with only eight ' 
opines. ‘ 1 


The most important of these differences are numbers 3 and 4. The length 
of the outer plate of the maxillipeds is one of the characters used by 
Stabbing to separate the genera Parharpinia and Pontharpinia . In the 
formor it is described as elongato and fringed with serrate spines on the 
inner margins. In the latter it is simply described as short. In my 
specimen, the maxillipeds do not appear to differ markedly from those of 
the genus Pontharpinia , except that the spines on the inner margin of the 
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outer plate are serrate on both margins, a feature not. so far as I aware, 
described in Pontharpinia. 

1 am quite unable to understand Stebbing’a description of the second 
gnatliopod unless, indeed, by some chance the descriptions of gnathopods 
1 and 2 have become inadvertently transposed in his diagnosis. As will be 
seen from the figures of these appendages given here, the fifth joint is 
decidedly larger in gnathopod 1 than in gnathopod 2, and with this sup- 
position, Stebbing’s description of the gnathopods would apply to my 
specimen. 

Stebbing's description is based on specimens from New Zealand recorded 
by Thomson (1882) as Pkoxus batei , Has well. Stebbing identifies Thomson’s 
specimens with Pkoxus villosus, Has well, and refers Hus well's /'. batei to 
Pontharpinia rostrata (Dana). On comparing my specimen with Thomson's 
description and figures, I find the most complete agreement except that the 
carpus of the second gnathopods is distinctly shorter than Thomson shows. 
Thomson does not describe or figure the fourth perseopods. 

My specimen differs from Harwell's original description in the larger size 
of the eyes, in the fewer joints in the accessory appendage of antenna 1, and 
in the shape of the second joint of the fifth peneopods. In the characters of 
the eyes and the fifth peneopods it agrees with Has well's description of 
Phoxus batei , and as the latter is said by Haswell to differ from P. rilfosua 
in the larger size of the eyes and the form of the fifth pei seopods, it looks as 
if my specimen really belonged to Pho.cn s batei , Haswell — Pontharpinia 
rostrata (Dana) . But the long and slender form of the fourth peneopods 
agrees much more with those figured by Haswell for P. villosns . 

The genera Pontharpinia and ] } arharpinia are distinguished, according to 
the definitions of these genera given by Stebbing in 4 Das Tierreich.' by the 
following characters : — 

(1) In Pontharpinia the third joint of the mandibular palp is shorter 

than the second. In Parharpinia the third joint is longer than 
the second. 

(2) In Pontharpinia the outer plates of the maxillipeds are short. In 

Parharpinia they are elongate and fringed with serrate spines on 
the inner margins. 

(3) In Pontharpinia the fourth and fifth joints of the third and fourth 

peneopods are expanded. I n Parharpinia they are not expanded. 

(4) In Pontharpinia the expanded second joint of the fifth peneopods is 

greatly produced, while in Parharpinia it is only moderately 
produced. 

These differences appear to me of doubtful value. My specimen is a 
Parharpinia in the characters of the mandibular palp and the form of the 
third and fourth pereeopods, and a Pontharpinia in the characters of the 
nmxillipeds ami of the fifth per&opod. 
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On the whole, my specimen agrees most closely with those described by 
Thomson as Pho.ru s bateu As these specimens formed the basis of Stebbing’s 
description of i\ villosa , Haswell, and were those upon which Stebbing 
founded the genus Parharpinia , I here record the present specimen as 
Parharpinia villosa (Haswell), with an expression of doubt as to the separate 
identity of the genera Parharpinia and Pontharpinia . 

My specimen differs from Pontharpinia uncinata , Ohevreux, in the evenly 
rounded epimeral plate of the third segment of the pleon, from P. stimpsonii , 
Stebbing, in the shorter and evenly rounded rostrum, and from P. pinauis 
(Haswell) in the less robust peneopods. I should have been quite content 
to record my specimen as Pontharpinia rostrata (Dana) except for the longer 
and more slender fourth perauopods. In Dana’s figure the eyes are larger 
and more rounded in form and the rostrum shorter than in my specimen, 
but these differences disappear in the light of Haswelfs description of Phoxns 
batei , which Stebbing regards as synonymous with P. rostrata . 

A redescription of Australian and New Zealand species is a necessity 
before they can be placed on a sound basis, and it is to be hoped that this will 
be attempted by some one on the spot who has access to material. 

Family LEUCOTHOIDjE, 

Genus LkucothoE, Leach . 

3. Leucotuoe spinicakpa (Abildgaard). 

L. sinmearpa, Chilton, 1912 (2), p.478. 

„ „ Barnard, 1910, p. 148. 

Localities . Wooded Island, Easter Group, two specimens. Randy Island, 
Wallaby Group, five specimens. 

Distribution . Cosmopolitan, 

Remarks. The two papers quoted above give the full synonymy of this 
species and full notes on its known distribution. 


Family GAMMARUXE. 

Genus Oeradocus, A. Costa . 

4. Oehadocus kit brom aculat its (Stimpson). (PI. 1. figs. 15, 16.) 

c. rtthromaculaiuB , Stebbing, 1906, p, 430 (synonymy). 

, f „ Walker, 1904, p. 272 ; 1906, p. 927 ; and 1909, p. 834. 

„ „ Ohevreux, 1907, p. 479. 

„ „ Stebbing, 1008 (1), p. 8L ; 1908 (2), p. 466 ; 1910 (1), p. 698. 

a if Chilton, 1916, p. 869. 

Locality. Sandy Island, Wallaby Group, one female, 10 mm., and one male 
and two females, 6 mm. 
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Distribution . Ceylon, the Maldives and Laccadives, and the coast of Africa 
(Walker) ; South Africa (Stebbing) ; Australia and Tasmania (Haswell & 
Stebbing) ; Now Zealand (Chilton) ; French Oceania (Ohevreux). 

Remarks. From the published descriptions and figures, this species would 
appear to be subject to great variation in the antenna?, antennulcs, first and 
second gnatliopods, fifth peraopods, and in the size and extent of the 
serrations on the margins of the plcon and its epimenil plates. 

These facts have led trie to ascribe all the four specimens in this collection 
to the same species, notwithstanding the differences and the extraordinary 
dimorphism in the second gnathopods of the only male specimen. 

In the large female specimen, 10 mm. in length, the dorsal surface of the 
pleon is microscopically sliagreened. The teeth on the posterior margins of 
the first throe segments are longer and coarser than in the smaller specimens, 
and there is a seta alternating with every tooth. The epiuieral plate of the 
first pleon segment has two teeth on the lower border and eight on the liindt r 
border, or ten teeth in all. The second pleon segment lias five teeth on the 
margins of the epiuieral plate, and the third segment fourteen teeth. It is 
not easy to decide where the lower and hinder margins me< t. The antennal 
peduncle is equal in length to the antennular. The accessory flagellum of 
the antennule has seven joints and the main flagellum twenty-five. The 
flagellum of the antenna has fourteen joints. The hinder lower corner of 
the second joint of the fourth and fifth perseopods is prolonged into a spine, 
as figured by Ohevreux (1907) for specimens from French Oceania. 

In the smaller specimens the teeth on the dorsal border of the first three 
pleon segments are shorter and finer than in the larger specimen. The 
epiuieral plates of the first two segments of the pleon have one or two teetli 
ou the lower border hut none on the hinder. The third segment of the pleon 
has six teeth on the hinder border and two on the lower border of the 
epimeral plate. The flagellum of the first antenna lias seven joints and the 
accessory appendage four joints. The flagellum of the second antenna has 
from 15-21 joints. The hinder lower corner of the secoud joint of the 
fourth and fifth perteopods is much less produced than in the largo 
specimen, and is more like the typical form. 

The male specimen presents a strking dimorphism in the second gnatlio- 
pods. The right one is of the normal type, the palm rather oblique and 
furnished with two flat-topped teeth. It is not so robust, as in the specimens 
figured by Chevreux from French Oceania, and the palm is more oblique and 
not transverse. But Chilton describes specimens from New Zealand which 
appear to agree with mine. The second gnathopod on the left side is quite 
different. The propodus is larger and moro robust, the palm very oblique 
with no prominent tooth marking its edge, but with a very strong obtuse 
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tooth near the base of the nail. The whole limb recalls to some extent that 
found among the males of the genas Elasmopus, though it is not setose at 
all. Stubbing, in the ‘Challenger’ Report and in recording this species 
from South Africa, notes the dissimilarity between the right and left second 
gnathopods in some of his specimens ; but the dissimilarity usually takes the 
form of one of the gnathopods being of the female type and the other of 
the male. No such striking instance as the present ono has been noticed 
before. 

With regard to the serrations on the epimernl plates of the first three 
segments of the pleon, the typical form has one or two serrations on the 
lower margin in all three segments, bat only the third segment is serrated on 
the hind margin. Clievreux describes serrations on both lower and hinder 
margins of the epimeral plates of the second and third pleon segments in 
specimens from French Oceania. Haswell says of Australian specimens 
(> lateral plates (epimera) of the three anterior segmeuts of the pleon 
serruted posteriorly,” Vvhile in Mtera spinosa, now regarded as a synonym of 
C. rubromaculala, ho gives only the third segment with serrations on the 
posterior murgin of the lateral plate. There is thus abundant evidence of 
variation in this character. I may note that, in all my specimens, the first 
joint of the mandibular palp has a spiniform process on its inner corner as 
described by Walker (1904) and Chevreux (1907). 


Genus Mae it A, Leach. 

5. Maera TEN ELLA {Dana). 

Gammarm tenellus, Dana, 1852, p. 962, pi. 06. fig. 7. 

Mi era tene/la , Walker, 1904, p. 272, pi. 6. fig. 81. 

M. tenella, St ebbing, lfOO, p. 438. 

Locality. Wooded Island, Easter Group, one male, 5 mm. 

Remarks. The single specimen agrees closely with the description and 
figures of a specimen from Ceylon referred to Dana’s species by Walker. 
The only noteworthy point of difference is that the dactylus of the second 
gnathopods in the male has a well-marked tooth about the centre of its inner 
margin, which fits into a corresponding excavation on the palm. The serrate 
hind margin of the third segment of the pleon and the slightly different 
form of the second gnathopods of the male seem to distinguish this species 
from M. nridis, Haswell, to which it is otherwise very closed allied ; in fact, 
this species seems to me to afford an additional argument in support of 
Chilton’s contention that Haswell’s species belongs to the genus Meera, and 
not to Elasmopus to which Stebbing would refer it. 

Distribution . Fiji (Dana) ; Ceylon (Walker). 
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6. Mac ha mastersii ( Haswell ). 

Meyamcera master *ii, Haswell, 1880 (lj, p. 205, pi. 11. tig. 1. 

M. thompsoni , Micro, 1884, p. 318, pi. 34. tig. B. 

Mara mastersii , Stubbing, 1000, p. 430. 

„ Chevreux, 1907, p. 481. 

„ „ Stubbing, 1910 (1), p. 042. 

„ Chilton, 1911, p. 5(34. 

„ „ Barnard, 1910, p. 19*1. 

„ „ Chilton, 19115, p. 307. 

Locality . Sandy Island, Wallaby (Troup, one male, 5 nun. 

Distribution . Port Jackson, Australia (Haswell) ; several localities in the 
Torres Strait (Miers) ; Gam bier Archipelago (Chevrenx) ; Kennadec 
Islands (Chilton) ; Mozambique (Barnard) ; New Zealand (Thomson & 
Chilton). 


Genus Elasmopus, A. Costa . 

7. Elasmopis s v rca kin at us ( Haswell ). 

Meyumara suheariuata , Haswell, 1880 ( 2), p. 333, pi. 21. tig. 4. 

Elusmojms stibrar hiatus, Chilton, 191o, p. 321, tigs. 1-0. 

Locality . Dredged off Wallaby Group, one male, 0 mm. 

J distribution. Shores of New Zealand, Australia, Ceylon. South Africa, 
ami Indian Ocean. 

Remarks. Chilton, in the paper quoted above, has given a full account and 
synonymy of this species and of its geographical distribution. The species 
is distinguished fiom its congeners by the two carinae of the fourth segment 
of the pleon each ending in a prominent tomh. In this character my 
specimen agrees with the type, but it differs from typical specimens as 
described by Chilton in the following characters : — 

(1) In the first antenna*, which are much shorter than usual and have 

only fifteen joints in the flagellum. The accessory appendage is 
quite short and only has two joints. Walker recorded specimens 
from Ceylon in which the accessory appendage of the first antenna 
was only two-jointed. 

(2) In the hinder margin of the second joint of the last pair of 

persoopods, which is closely and coarsely pectinate as described 
for the species E. pedenicrus , Sp. Bate. Chilton says of all the 

perseopods that the u basal joiut posterior margin simply 

serrate/* while Stebbing says that the margins are “ strongly 
Semite.” But the condition in the present specimen agrees with 
Walker’s description in E . serrula ( = /£. pectenicrus) : “the 
greater part of the hind margin elegantly cut into flat-topped 
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teeth of a peculiar form” (Walker, 1904). Barnard (1916), in 
describing E. peclenicrus, Bate, from K. Africa, to which species 
he refers W'alker’s E. serrula as a synonym, figures the second 
joint of the fourth perseopod, showing a condition exactly 
similar to the second joint of the fifth perseopod in my specimen. 
I may note that on one side the hinder margin of the second 
joint of the fifth perocopod is concave and on the other 
convex or evenly curved. Barnard suggests that the concave 
margin is a condition of maturity. The fifth perseopods of 
my specimen arc not so setose as is described by Chilton for 
New Zealand specimens. Having only one specimen, it is 
impossible to say whether these differences are constant and 
of specific value. The two dorsal curing; of the fourth pleon 
segment exclude this specimen from all other described species, 
and in the character of the second gnathopods the specimen is a 
typical adult male of E. svbcarinata as figured by Chilton. I 
prefer, therefore, to regard the specimen as at most an individual 
variation of this widely distributed species. 

Family PHOT! DM. 

Genus Eurystheus, Bate . 

8. Euuystheus at l anticub {St ebbing). (PI. 1. figs. 17-20.) 

Oamnmropsts atlcmtica , Stubbing/ 1888, p. 1101, pi. 114. 

G. zeyUmicm , Walker, 1904, p. 5382, pi. 0. fig. 41. 

G. y ur diner i. Walker, 1005, p. 929, pi. 88. fign. 11-14, 16-17. 

Eurystheus atlanticus, Stubbing, 1900, p. 611. 

E. atlanticus, Stubbing, 1908, p. 86 (1), pi. 4011. 

E. zey laments . , Walker, 1909, p. 389. 

E. atlanticus , Walker, 1909, p. 339. 

„ „ Stabbing, 1910 (1), p. 614. 

Locality. Dredged ofF Wallaby Group, one female with ova, 6 mm. ; one 
adult male, 6 nun. ; two young males, 4 and 4*5 mm. 

Distribution . Cape Verde Islands (Stabbing), Ceylon, Maidive and 
Laccadive Archipelagoes, Seychelles (Walker), S. Africa (Stebbing), 
Australian coasts (Stebbing). 

Remarks. These four specimens are all imperfect; orly one, the larger of 
the immature males, has any of the antennro still attached, and that only the 
peduncle with the accessory appendage on one side only. The accessory 
appendage is composed of four joints, three large ones and a small terminal 
one. 

Only the two larger specimens have the lageniform eyes characteristic of 
the species. In the two smaller specimens the neck of the flask, so to speak > 
is wanting. 
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I have figured the distal joints of tiie second gnathopods of all four speci- 
mens. The second gnnthopods of the female agree very fairly well with 
those figured for E. afer by Stebbing (1888), for E. zeylanicus by Walker 
(1904), and for E. gardineri by Walker (1905). Those of the smaller 
immature male resemble the figures given by Stebbing for the type-specimen 
(a female) from (Jape Verde (1888, pi. 114, gn. 2) of E. atlanficu .v, bv 
Walker for the young male of E. zeylanicus (1904, pi. (5. fig. 41, gn. 2, 
(S jr.), and by Walker for the young male of E. gardineri (1905, pi. 88. 
tig. 14). 

The second gnathopods of the larger of tin* immature males agree closely 
with those figured for the adult male of E. zeylanicus by Walker (1901, pi. G. 
tig. 41, gn. 2, cJ), and is not unlike the figures given by Stebbing for the 
adult male of E. atlanticus (1908 (1), pi. 40 11). Stebbing’s specimen had, 
however, lagenifonn eyes. 

The second gnathopods of the ad ul I male are not <juite like those figured 
for any of the species of Earystheus , hut seem to he the adult condition of 
the immature males in this collection. 1 feel convinced that the Four 
specimens here dealt with belong to one species. They were all collected 
at the same time in the same place, and appear to me to represent 
the adult female and three stages of growth in the male. From this 
it follows that the lagenifonn shape of the eyes is an adult character 
only, or, alternatively, a character which varies greatly. I feel sure, too, 
that my specimens belong to the same species as E. zeylanicus , Walker, and 
E. gardineri , Walker. Neither of these species has lagenifonn eyes, but 
judging from my specimens, most of Walker’s specimens were immature. 
Walker himself in 1909 united these two species, and in a footnote to the 
same paper expresses the opinion that both are synonymous with E. atlanticus, 
Stebbing. In accepting that verdict, it is necessary to point out that the type 
of E. atlanticus is a female which has the lagenifonn eyes of the adult and 
second gnathopods of the form ascribed here to an immature male with oval 
eyes. Both Chilton 1912 (2) and Barnard (191(5) have suggested the possi- 
bility of E. atlanticus being the same as A. afer (Stebbing), and support is 
givenhto that idea by the close resemblance of the second gnathopods of the 
adult, female in the present collection to those figured by Stebbing for£. afer y 
female. But the latter species has long oval eyes, not lagenifonn in shape. 
Chilton's specimens, identified with doubt as E. afer , seem to have gnathopods 
altogether longer and more slender than in the present specimens. 

It will be seen that there has been considerable difficulty in arriving at a 
conclusion with regard to the identity of these specimens. I can host sum 
up the evidence yielded by them, by saying that they are certainly the 
same us E. zeylanicus and A 7 , gardineri of Walker, and that I accept his 
opinion that these species are synonymous with E. atlanticus, Stebbing, a 
widely distributed and apparently very variable species. 
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Family AMPHITHOIDdS. 

Genus Grubia, Czerniavshj . 

9. Grubia setosa {Haswell). (PI. 2. figs. 21-24.) 

Amphithoe setosa, Has well, 1880 (l) y p. 270. 

Grubia setosa, Stabbing, 1906, p. 644. 

Localities . Four males and four females, up to 15 mm. in length, from 
Sandy Island, Wooded Island, and Pigeon Island. (Shore collecting in each 
case.) 

Distribution. Sidney Harbour and Botany Bay, New South Wales 
(Haswell & Chilton). 

Remarks . Has well’s original description is short and unaccompanied by 
figures, but the present specimens are in agreement with it. Chilton, 
who examined specimens from Sydney Harbour which ho referred to 
this species, stated that the first antenna possessed a small accessory 
appendage. The present specimens, or at least such of them us still 
retain the first antenna, possess a small two-jointed accessory flagellum on 
that appendage, barely longer than the first joint of the main flagellum. 
The species is therefore a true Grnbia } in which genus Stebbing has already 
placed it. 

The species is mainly distinguished bv the form of the first and second 
gnathopods in both sexes, and especially by those of the male. 1 figure 
these appendages herewith. They are similar in the male and female, 
but in the former they are more massive and arc densely fringed with long, 
delicate, plumose setae, especially on the second, carpal, and propodal joints. 
The palmar margin is undefined in the first guathopod, hut in the second it 
is bounded by a rather prominent tooth, on the inside margin of which is a 
strong spine. In the second guathopod of the male the limiting tooth is 
stronger, and immediately inside it on the palm is a small excavation into 
which the nail fits. The nail in both gnathopods is provided with a closely- 
set row of blunt spines on the inside margin. The figures will serve to show 
the general form of these limbs and the proportions of the joints. 

For the rest, the species has no very marked characters. The first antennai 
are almost as long as the whole animal, the third joint of the peduncle about 
as long as the second, and the flagellum composed of about 50 joints. 
The second antennae are $ as long as the first. The fourth joint of the 
peduncle reaches to the distal end of the second joint of the peduncle of the 
first antenna). The fifth joint equals the fourth in length, and the flagellum 
has 35 joints. The lower margin of the peduncle is beset with long 
plumose hairs, particularly in the male. The innter lobe of the first maxilla 
bears six or seven fine plumose setae. The third uropods have the peduncle 
much larger than the rumi, with a row of seven short, blunt spines on the 
dorsal apical margin. The inner ramus bears one spine and a number of setae 
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at its apex. The outer ramus boars two recurved hooks of equal size and a 
short, blunt spine near Ihe proximal end of the dorsal surface. In the light 
of (Jhevreux's description of (r. brevidactyla and of the present species, 
Stebbing’s diagnosis of the genus tiruhia in ‘ Das Tierreich ’ will require 
emendation in the following points : — antenna 1 has a short accessory 
flagellum of one or two joints, and maxilla 1 the inner plate with a few 
small lateral setae. 

The present species is distinguished by the form of the first and second 
legs and, possibly also, by the structure of the third uropods. 


ISOPODA. 

Tribe FLABELLIFEBA. 

Family SPAfiKOMlDJE. 

Group Hemibranchiata. 

Genus ClLlC.ttorsis, Hansen. 

(Tlicaopsir dakim, sp. n. (PI. 2. Hgs. 25-29 ; PI. 3. fig. 34.) 

Locality. Woody Island, Easter Group, one adult male, 13 nun. long, 
9 mm. broad. 

Description. The single specimen of this new species, a male, measures 
13 mm. in length and 9 mm. in breadth, and is thus one and a half times as 
long as broad. The body is strongly convex in dorsal view' and without 
granulations or tubercles. The posterior margins of all the thoracic somites, 
the lateral margins of the body, the uropods, and the abdomen are fringed 
with short, thick hairs, the general appearance of which can be seen from 
PI. 3. fig. 34. Similar hairs are scattered over the dorsal surface of the 
.abdomen, especially on the two large bosses. The distinguishing features of 
the species arc to he found in the abdomen and uropods. The abdomen 
shows three proximal segments separated off from the large terminal telsonic 
somite : the sutures separating the first two abdominal somites not complete 
in the mid-dorsal line. The posterior margin of the third abdominal somile 
is considerably and broadly produced in the mid-dorsal line, but does’ not 
form a process of any kind. The terminal abdominal somite bears two 
relatively enormous mammiform bosses. The posterior margin is evenly 
rounded, and shows the merest trace of a median process separated by shallow 
notches from the rest of the margin. The uropods consist of a massive basal 
joint and a long, narrow, terminal joint. The basal joint, I take it, represents 
the fused basipodite and endopodite, and the long terminal joint the exopod. 

The figures which I give of the epistome, the antennitle, antenna, second 
and eighth thoracic limbs will suffice to show the general features of these 
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appendages. The epistome is quite truncate anteriorly ; the front margin 
fringed with short, thick hairs similar to those on the rest of the body. The 
second to the eighth thoracic limbs are bi-nnguiculate and characterised by 
the development of strong spines on the inner margins of the tnerus, carpus, 
and propodus. 

The pleopods are of the typical bemibranchiato typo. The exopod of the 
third, fourth, and fifth pairs is two-jointed. In the third pair the margins 
of the endopod and the distal joint of the exopod are fringed with plumose 
seise. In the fourth and fifth pairs there are no plumose seta?, but the outey 
margins of both branches of the fifth pleopods possess a fringe of simple 
short hairs. The appendix masculina on the second pleopods is longer than 
the branches, with the terminal portion narrower than the rest aud slightly 
hooked. 

This species differs from the definition of the gcuus < 'ilmropsix given by 
Hansen (1905) in possessing a vestige of a mesial lobe on the posterior 
margin of the last abdominal somite, and from the type-species C, yranulata 
( Whiteleggo) and its ally, (\ whiteleyyei (Stubbing), in being without a long 
process from the median portion of the anterior part of the abdomen. In this 
latter diameter it agrees, however, with Cilicna stylifera, AYhitolegge. and 
C. oruata, Whitelegge, which Hansen refers tentatively to the genus Cili- 
cwopsis. It may be noted that, both the last-named species show a further 
resemblance to C. dakini. in having the posterior margin of the third abdo- 
minal somite produced iu the mid-dorsal line. 

I know of no species of the group Cymodocini with which the present 
species can be confused in the torm and structure of the abdomen, and 1 have 
pleasure in associating it with the name of its discoverer. 


Genus (h’MOPOCE, Leach . 

Cvmodoce MAMMIKKKA, Ham-ell (?). (PI. 3. fig. 115.) 

C. mainmifera , flaswell, 1880 (4), p. 474, pi. 18. fig. 1, 1 r. 

Locality. Off Wallaby Islands, dredging, two specimens, 12 inm. 

] te marks. It is with some doubt that I refer these two specimens to 
Haswell’s species, but they agree completely wuh his short description and 
figures. Of the two specimens, one is apparently an immature male in so 
far as it has a pair of penial filaments on the sternum of the last thoracic 
somite, but no appendix masculina on the second pleopods. The other is a 
female. The species is a typical hemibranchiate spha?romid in the structure 
of the pleopods, and would seem to fall into the genus Cymodoce by the well- 
developed mesial lobe in the abdominal notch, by the absence of a mesial 
process on the abdomen of the male, nnd by the well-developed endopod of 
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the uropods. Tlie body in both sexes is smooth, except For a sparse coating 
of short fine hairs on the .sides of the thorax and on the abdomen and the 
uropods. There are no granulations or small tubercles. In the male, the 
abdomen of which 1 have figured, the posterior margin of the fourth 
abdominal somite, which is completely separated from the terminal part of 
the abdomen, is produced into two small tubercles, one on each side of the 
middle line. The terminal part of the abdomen lias two large mammiform 
bosses on the dorsal surface separated by a shallow depression, each with a 
small tubercle on the highest part of the boss. The posterior margin of the 
abdomen is tridentate, a large mesial lobe separated by notches from a small 
lateral lobe on each side. The large median lobe is very much bigger than 
the lateral lobes and almost masks them in dorsal view. The uropods are 
shorter i linn the median lobe of the abdominal notch, the endopod well- 
developed and as long as the exopod, with the apex truncate ; the apex of the 
exopod is rather acute. The female differs from the male in being without 
the tubercles on the posterior margin of the fourth abdominal somite, and in 
having the bosses on the term 'mi I portion of the abdomen less well-marked 
than iu the male and without the tubercle on their highest, parts. 

JlasweU’s types were collected at Port Denison iu Queensland, and the. 
species does not. appear to have been met with since. The species was 
omittel from llaswelPs ‘Catalogue of Australian Crustacea, ’ and has been 
lost sight of since the original description appeared in 1880. 

CraonocE i»elsaiui, sp. n. (PI. 2- figs. 30-33 ; PI. 3 . fig. 36.) 

Localities. Sandy Isdaml, two males, 0-12 mm. Pigeon Island, one male, 
8 mm. ; one female, 6 mm. ; and six juv. 

Description of the Male. The sides of the thoracic somites and the. whole 
of the abdomen ami uropods are fringed with rather long hairs. Similar but 
much shorter hairs are sparsely scattered over the dorsal surface of the 
thorax. The thoracic somites have a double row' of small round tubercles 
extending as a band right across the posterior portion. These tubercles are 
rather obscure on the anterior somites, but become successively more clearly 
marked on the posterior ones. They are more clearly defined in the larger 
specimens. The abdomen lias an ornamentation of granules and tubercles, 
as shown in PI. 3 . fig. 36, which is taken from a male specimen, i) mm. in 
length. The whole of the abdomen and dorsal surface of the uropods is 
finely granulose, and scattered among the small granulations are larger 
rounded tubercles and a few still larger and pointed tubercles. The posterior 
margin of the fourth abdominal somite, which is complete right across the 
dorsal surface, is produced into two prominent pointed tubercles, one on each 
side of the middle line. Each of these tubercles bears a clump of long hairs 
immediately in front. The remainder of the anterior portion of the abdomen 
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is covered with larger and smaller tubercles. The posterior part of the abdo- 
men has, in the main, three large bosses — an anterior pair, one on each side 
of the middle line, and behind them a single median posterior boss. The 
anterior pair of bosses are somewhat elliptical in shape, and each bears a 
large, prominent, almost erect, conical spine with additional spines at its 
apex. Behind this prominent spine are four or live sharply-pointed tubercles, 
more prominent than the rest of the tubercles and granulations covering the 
surface. The posterior median boss is circular in outline, quite smooth and 
polished, and bearing a single almost erect stout conical spine. The posterior 
margin of the abdomen is tridentate; the median lobe rather longer than the 
lateral lobes, with the apex truncate and bearing two spine-like tubercles. 
The lateral lobes have their ap<*x pointed and bearing a single spine-like 
tubercle. The uropods extend some way behind the posterior margin of the 
abdomen ; their dosal surface is covered with fine granulations, with here and 
there a larger and more prominent tubercle. The inner branch is longer and 
stouter than the outer; its apex obtusely rounded, with a spine-like tubercle 
at its tip. The outoivbranch is more pointed than the inner, and has a similar 
spiniform tubercle at the apex. The mouth-parts and thoracic appendages 
present no special features, and the figures which I give of the peduncles of 
the antennules and attennae, second and eighth thoracic limbs will serve to 
show the general structure of these appendages. The second to the eighth 
thoracic limbs are stout and bi-unguiculute, with an armature of strong 
spines on the inner margin of the morns, carpus, and propod us. 

The pleopods are typically hemibranchiate, wiih ihe exopods of the third, 
fourth, and fifth pairs two-jointed. The appendix masculiim on the second 
pair of the male is nearly twice as long as the branches, narrowing to a 
finely-pointed apex, the distal portion curved slightly inwards. 

The female differs from the male in having the body smooth, without 
tubercles and granules, and with the hairs on the thorax and abdomen very 
short and very much less numerous. The anterior part of the abdomen, 
i.e. the combined first four segments, has the general surface raised into 
two obscure bosses. The terminal portion of tho abdomen has likewise two 
bosses, more clearly defined and separated medianly by a shallow groove. 
The posterior margin is tridentate ; the median lobe somewhat larger than 
the lateral lobes, with its apex bluntly rounded. 

Among all the described species of the genus Cymodoce , this species comes 
nearest to C . jnlom , M. Ed., and its allies (!. lonyistylis, Miers, C. bicannata , 
Stebbing, and (\ zanzibarensis , Stebbing, but differs from all of these species 
by thejarge, conical, erect spine which crowns each of the three main bosses 
of the abdomen. I have associated the name of the discoverer of the 
Abrolhos group of islands with this pretty little species found there by 
Professor Dakin. 
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EXPLANATION OF THF, PLATES. 

» 

Plate 1. 

Parawaldeckia kidderi (S, I. Smith), 

Fig. 1. Telson, X 680. 

2. Peduncle of antenna of male, X 33. 

3. Second thoracic leg, x 33. 

4. Third „ „ X 33. 

5. Fifth „ „ X 33. 

6. Eighth „ ,, X 33. 

Parharpinia villosa (Hasweli). 

Fig, 7. Mandible, x 57. 

8. Maxilliped, X 57. 

9. Second thoracic leg, X 33. 

10. Third „ „ X 33. 

11. Fifth „ „ X 33. 

12. Sixth „ „ X 33. 

13. Seventh „ „ X 18. 

14. Eighth „ „ X 33. 

Ceradocus rubromaculatm (Stimpson). 

Fig. 15. Left third thoracic leg of male, 6 mm., x 33. 

10. Right „ „ „ same specimen, x 83. 

Ewrysiheus atlanticus (Stebbing). 

Fig. 17. Hand of third thoracic limb of female with l&geniform eye, X 400. 

18. Hand of third thoracic limb of young male with oval eye, x 400. 

19. Hand of third thoracic limb of young male with oval eye, x 400. 

20. Hand of third thoracic limb of adult male with lageniform eye, x 400. 
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Platk 2. 

Or ubia setosa (lias well). 

Fig. 21. Second thoracic limb of female, x 22. 

22. Third „ „ „ X 22. 

23. Second „ „ male, X 22. 

24. Third „ „ „ X 22. 

Cilicaopsis dak ini, ep. n. 

Fig. 25. Epistome. 

26. Antennule of male, x 22. 

27. Antenna „ „ x 22. 

28. Second thoracic limb, X 22. 

29. Eighth „ ., X 22. 

Cymodoce peharti , sp. n. 

Fig. 30. Antennule of male, X 33. 

31. Antenna „ „ X 33. 

32. Third thoracic limb, x 33. 

33. Eighth „ ,, X 33. 

Platk 3. 

Fig. 31. Oil tits dak ini, t>p. n., abdomen of male, x 10. 

35. Cymodoce mammi/era , I las well, abdomen of young male, X 1 1. 

30. Cymodoce peharti, $p. n., abdomen of male, X 16. 

[[ am greatly indebted to my wife for the drawings illustrating 

this report.] 
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THE PERCY SLADEN TRUST EXPEDITIONS * TO THE ABROLHOS 
ISLANDS (Indian Ocean). 

Under the Leadership of Prof. W. J. Dakin, F.L.S, F.Z.S* 


On Two Sea-pens from West Australia. By Sydney J. Hickson, F.R.S., 
Professor of Zoology, University of Manchester. (Communicated by 
Prof. W. J. Dakin, F.L.S.) 

[Read 5th May, 1921.] 

At the present time only three species of Pennatulacea have been recorded 
from the waters of the Western coast of Australia, and these were all found 
in Shark's Bay, over 200 miles north of the locality from which the two 
species here recorded were obtained. The species previously recorded are 
Policella australis by Gray (1862), Virgularia elegans by Gray (1870), and 
Pteroules lu/menocaulon by Broeli (1010). 

The two specimens obtained by Professor Dakin from the neighbourhood 
of the Abrolhos Archipelago belong to, or are closely related to, species that 
are found in the Malay Archipelago ; but as other species of the same genera, 
namely Veretillum cynomorium and Pteroeides gri&eum, occur in the Mediter- 
ranean Sea, and the genera are widely distributed in shallow to deep water, 
the presence of the two sea-pens oft* Abrolhos is a fact of no value, at present, 
for the determination of the affinities of the local fauna. It is quite possible, 
or even probable, that they have travelled down from the North, but it would 
not he surprising to find them a great deal further South, as they are not 
tropical forms. 

Veretillum malayense ( Hickson ) t- 20 fathoms. Off Long Island. 

Length of rachis 80 mm., length of stalk 60 mm,, diameter of rachis and 
of stalk 12 mm., diameter of terminal bulb 14 mm. Autozooids 14 mm. in 
length by 2*5 in diameter. 

The rachis is club-shaped, bnt differs from the rachis of the type-specimen 
in coming gradually to a blunt extremity. The stalk has a well-marked 

• Acknowledgement mast be made here also of ft, grant from the Government Grant 
Committee of the Royal Society, and a grant from the British Association. 

t 'Siboga 9 Pennatulacea, 1916, p. 48. 
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basal balboas swelling. Tho autozooids are large, and most of them are folly 
expanded. The siphonozooids are numerous and irregularly scattered on 
the racliis ; they extend a considerable distance down the stalk beyond the 
last autozooid. The stomodtsa have a dorsal ventral diameter of 0*14 mm. 
The axis is well developed, quadrangular in section, the diagonal measurement 
being 1*5 mm. in its thickest part. I have not dissected out the axis from 
this beautifully preserved specimen, but it can be seen through the transparent 
tissues to be at least two-thirds of the total length of the colony. 

The spicub’s of the rachis are long, thin plates with jagged edges, large 
ones measuring 0*2 5x0*07 mm., but they are very variable in shape and 
size, and scattered or clustered. In the expanded part of the antozooids, 
spicules are very scarce. I have seen one or two at the base of the tentacles, 
but none in the tentacles themselves. 

The type-specimens of this species were found in the Bay of Bima on 
Sumbawa Island, Malay Archipelago, at a depth of 55 metres, and I have 
been able to compare the characters of the specimen from W. Australia with 
the type-specimens which are at present under my care. The specimens 
from Shark’s Bay that were named by Gray Policella australis were trans- 
ferred to the genus Veretillum by Kiikentlial and Brocb, and, in iny opinion, 
this transference was fully justified. 

The principal difference between the species Veretillum malayense and 
V. australe is that the autozooids of the former are about twice the size of the 
autozooids of the latter. This character — the size of the autozooids — may be 
more variable than we are justified in assuming on our knowledge of the 
half-dozen specimens that have been described, and the two species may be 
merged into one in the near future. But it is clear that the specimen 
described above agrees more closely with the specimens hitherto called 
V. malayense than it does with those described as Policella (or Veretillum 
australis). 

Pteroides sp. f, juv. 20 fathoms. Outside Wallaby Group. 

Length of rachis 25 mm., length of stalk 31 mm. Leaves 11-10. 
Number of rays on largest leaves 5. Siphonozooid plate basal. 

This specimen is evidently a juvenile form, as is shown by its small size, by 
the small number of leaves,' by the rudimentary character of the lower 
leaves, and by the relative length of the stalk. It may also be regarded 
as a sign of juvenility that there is only a single row of autozooids on the 
greater part of the margin of the largest leaves, an additional autozooid of 
wbat may' be a second row appearing only in one or two isolated places. 

As it is impossible, in the present etate of our knowledge, to determine 
accnrately the relations of the juvenile forms of this genus, the principal 
point of interest is to consider whether it is a juvenile of the only species of 
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the genus that has hitherto been identified from the West coast of Australia, 
namely Pt. hymenocaulon. Broch (1910) examined and carefully described 
two specimens of this species from Shark’s Bay. One was 94 mm. in length 
and one 140 mm. in length, and therefore it is prolxtble that they possessed 
most of the adult characters. My reasons for believing that the young 
specimen from the Wallaby Group is not P. hymenocaulon are: (1) that the 
siphonozooid plate is marginal in P. hymenocaulon and l>asul in our specimen, 
and (2) that the spicules in the stalk of P. hymenocaulon are smaller and 
more numerous than in our specimen. I do not wish to maintain that these 
reasons are conclusive, but I am inclined to think that the species to which 
the specimen belongs is one of mv Group II. 3 (see Monograph on ‘ Siboga ’ 
Pennatulacea, p. 231), represented by such species as Pt. yrisenm or Pt. 
malayente. 
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Tim Raninuhe : ft Study in Carcinology. By Gilbert O. Bourne, M.A., 
I). Sc., F.R.S., F.L.S., late Fellow of Merton College, Oxford, and Linacre 
Professor of Zoology and Comparative Anatomy. 

(I’latks 4-7.) 

[Bead 15tli December, 1921.] 

MM. A. Milne Edwards and E. L. Bouvikr conclude the Introduction to 
their Report on the Deomiacea and Oxystomata dredged by the U.S. Coast 
Survey Steamer ‘Blake’ with the following sentence: — “Nous avons 
distrait du groupc des Oxystoines la famille des Raninidcs qui nous parait 
uberrante ii plus d’un titre. Ces Oxystoines anormaux sont represents par 
de curieuses formes nouvclles dans les materiaux recneillis par lc Blake ; 
nous les etudions avec la plus grand detail, et ils font proclmiuement I’objet 
d'une etude ties complete.” So far us 1 have been able lo ascertain by 
search in the records of zoological literature, somewhat incomplete us they 
are through disturbances arising out of the late war, this promised memoir 
on the Raniuidae has not yet been published, and the following pages give 
an account of mj' own studies oil this aberrant and, as I shall strive to show, 
primitive family of crabs. My attention was directed to them some eight 
years ago, and 1 spent some time in the attempt to procure a well-preserved 
specimen of Kanina , of which I had several ill-preserved examples collected 
by Messrs. C. & E. Hose in Celebes. Eventually, after much fruitless corre- 
spondence with other naturalists, I obtained a fine specimen of Kanina 
dentata from Professor Kishinoye, of Tokio. It was admirably preserved in 
spirit, and I have to express my best thanks to him for his trouble in pro- 
curing me so excellent an example for study and dissection. 

In addition to Kanina, I had examples of the following members of the 
family in the collections of the Oxford University Museum : — 

Notopus dor sipes , Fubr. ; two examples collected by H.M.S. ‘Nassau’ in 
the Sulu Sea, 1871-72. 

Raninoides per sonatas. White MS., Henderson ; one example from the 
Bay of Bengal, presented to the University by the Calcutta Museum. 

Lyreidus tridentatus , de Haan ; two examples from JPort Jackson, presented 
to the University by the Trustees of the British Museum of Natural 
History* 

Two examples of a species labelled “Notopus,” collected iu the Sulu Sea 
by H.M.S. ‘Nassau.’ These 1 am describing as a new genus and 
species under the name of Notoseeles chimmonis . 
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I have also been able to examine the following species in the British 
Museum of Natural History, and take this opportunity of thanking Dr. W.T. 
Caiman for his courtesy and assistance in bringing the material together for 
examination : — 

Notopoide s lotus , Henderson. 

Notopus ovaltSy Henderson. 

Lyreidus Channen , Wood-Mason. 

Zanclifer caribensh , de Freminville. 

Cosmonotus (}rayi y Adams & White. 

The above are preserved in spirit. I also had the opportunity of examining 
a dried specimen labelled JRanilia muricata , M. Edw., and am inclined to the 
opinion that, while it is a distinct species, it is closely allied to and should be 
placed in the genus Notopus of de Haan. 

Thus I have had opportunities of studying more or less closely nearly all 
the known genera and most of the known species of the Kaninidm, which 
must be accounted one of the most ancient crab families, for it occurs in the 
Cretaceous along with other forerunners of existing crabs. The proper 
place of the Raninidte in classification has always been a subject of dispute. 
Latreille first placed them among the Brachyura, but subsequently removed 
them to the Macrura. Milne Edwards in his ‘Histoire Naturelle des (E us- 
taces’ (25, 1837) includes them along with the Dromidid®, Homolid®, and 
Pactolidae as a, tribe of his section Anomura Apterura. De Haan (84, 1850) 
showed that the resemblances between the Raninid® and Hippidse were 
superficial, and placed the former among the Oxystomata, laying special 
stress on the affinities of Lyreidus to tho Leucosiidse. “Uti in ceteris 
Oxystomatibus, os Raninoideorum parte anteriore est canaliculutum. Rani- 
noidea et Leucosidea unicse sunt forma* inter Decapoda, quorum regiones 
pterygostomianse cum sterno coherent, ita ut maxiliarum quintarum articuli 
pritni infra palpos sint dispositi et radices ipsis regionibns pterygostoinianis 
tegantur ; unices, quorum cavitates branchings a parte anteriore simpliceiu 
tantum aperturam offorunt, nti jam 01. Edwards observavit. Lyreidus tarn 
distinctum vinculum constituit inter Itaninas et Leucosias 9 ut vix dubium 
remanere possit, quin Justus hie sit illins families locus.’ 9 

Boas (4, 1885) retained the Bamnidse among the Brachyura, but laid 
stress on their abnormal characters, and concluded by saying, “il m’est 
impossible de couipren<jre ponrquoi les Ratlines sont ranges avec les 

autres Oxystomes.” In the 4 Challenger ' Reports, Henderson (85, 1888),, 
following Milne Edwards’ arrangement, describes the Raninid® among the 
Anomura, and the same author, in a subsequent memoir (86, 1893), makes 
them into a group, Ranidea, equivalent to M* groups Dromidea and Hippidea 
of the Anomura, Ortmann (41, 189S) follows de Haan in placing the 
Raninidse iq the Oxystomata, and subsequently (48, 1901) em died the 
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Oxystomata into a division (Abtheilung) equal in value to the Dromiidea 
(Boas’s Droiuiacoa) and the Brachyura, the last-named division including all 
other true crabs. This arrangement, with some minor modifications, has been 
udopted by Alcock (1, 1896), Borrodaile (12, 1904), and Caiman (23, 1909). 
Against these authorities must be set the opinion of A. Milne Edwards and 
Bouvier, quoted above, and the similar judgment of Boas that the Ilaninida* 
cannot be included in the Oxystomata. But if carcinologists differ as to the 
exact ])osition that the Raninida? should occupy among the crabs, it is now 
generally agreed (except Ortmann [42], who keeps the Oxystomata apart 
from the Brachyura) that they are true crabs belonging to the section 
Brachyura and not to tho section Anomura of the Decapoda reptantiu. 
Indeed, this was clearly established by de Haan seventy j ears ago, and it 
will be convenient to enumerate here tho Brachyuran characters of the 
Haniiiidfe, most of which were recognised by the clear-sighted author of the 
volume ‘Crustacea* of the ‘Fauna Japonicu.’ They are : — (1) The reduced 
abdomen and the absence of uropods. (2) Tho abseuce of pleopods on the 
first abdominal somite of the female. (3) The absence of posterior abdominal 
appendages in the male. (4) The union of the pterygostomial region of the 
carapace with the epistome. (5) The adherence of the branehiostegite to 
the thoracic epimeru. (C) The reduction of the branchiae. (7) The absence 
of an exopoditic scale on the second antenna. (8) The presence of a sella 
turcica posterior. (9) The expansion of the ischium and merus of the third 
muxillipeds to form a plate-like covering to the other mouth-parts. (10) The 
presence of orbits in which the eye-stalks can be concealed, and correlated 
with this the reduction in size of the first and second antennae. Other 
characters might be mentioned, such as the specialisation of tho thoracic 
limbs as organs of locomotion, involving a great development of the apo- 
domes forming the walls of the cavities in which the muscles of the limbs are 
contained. In other words, it is part of the distinctive facies of a crab that 
the musculature is highly developed in connection with the locomotory 
thoracic limbs, and is feeble almost to the point of disappearance in the 
abdomen. This feature is strongly marked in the Raninidse. 

On the other hand, it is generally recognised that the Raninidse exhibit a 
number of Macruran characters which, on the assumption that the Brachyura 
are descended from the Macrura, are primitive. Among the more important 
of these are : — The comparatively w r ell-developed rostrum, w hich, however, is 
absent in Cosmonotu $• The proximal segments of the second antenna are 
not fused with the epistome, a primitive feature also shared by the Dromiacea. 
The presence of a sternal canal and the relatively well-developed anterior 
thoracic apodemes. The narrow and keel-like posteiior thoracic sternites. 
The oviducal apertures opening on the coxae of the third pereiopods, another 
primitive character shared with the Dromiacea. The external lobes of tho 
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second maxillae are narrow, tbe inner lobes normal (Ortmann). Finally, as 
I shall sliow, the nervous system is more Astacuran in type than in any 
other Brachyura. In addition, the Baninidse exhibit a number of features 
peculiar to themselves, and these I shall discuss in detail in the later part of 
this paper. 

For the present it is only necessary to refer to the theory originally pro- 
pounded by Huxley and brilliantly sustained by Bouvier in his essay, ‘ Sur 
1’origine homarienne des Crabes’ (82), that the crabs arc not descended from 
Paguridse nor from Galatheidse nor Thulassinidm, but directly from the 
Astacura, and in (airticular from the Homuridm through the Dromiucea. 
“ Les Dromiaces par l’intermediare des Homolodromies ou de formes tres 
voisines, derivent directement des Hotnaridds juruesiques ou de Homuridds 
qui lenr ressemblent.” Exception being made of such crab-like forms as 
P or ce liana, Lithodes, and the P or cel lanopay urnt recently described by 
Borrodaile, Bouvier’s theory of the origin of crabs is now generally accepted, 
and it follows that, if the Knninidee be true crabs, they must be descended 
from a Homarid or Nephropsid ancestor by way of the Dromiacea. Thus 
Bouvier (22) has given convincing arguments for the derivation of the 
Dorippidfe from the Droiniaeeu, and Alcock (2) sees in his genus Cymommopt , 
which differs but little from Cyclodorippe, a number of ltaninoid characters 
which, he holds, warrant the conclusion that “ v\ e have, in fact, in some of 
these deep-sea forms the clearest evidence of the close relation of the llanina 
to the Dorippe type nnd quite sufficient justification for accepting de H sum's 
scheme of the Oxystomuta, almost without modification/’ Cymmomopt, 
however, is clearly a highly -specialised Cyclodorippid ; it has been placed in 
this family by Bouvier, and its supposed resemblances to the Aaniuidm are 
of the most superficial character. If the last-named family were descended 
from the Dromiacea it would hardly be through a Dorippid line, but it is my 
object to show in the following pages that the Rnninidte, though by defini- 
tion they mast still be included among the crabs, are not derived from a 
Dromiid ancestor, hut have been evolved as an independent group from the 
Astacura. In sustaining this thesis 1 shall place reliance first of all on the 
nervous system, and secondly on the character and degree of development 
of the endophragmal skeleton. 

Onr knowledge of the nervous system of the Decapoda is not very exten- 
sive, and what we do know is due largely to the researches of Bouvier (21). 
He has demonstrated that the degree of concentration of the nervous system 
varies so considerably in the several groups of Decapoda reptantia that it 
cannot of itself be taken us a sure guide of. affinity, but I shall be content 
to found my argument upon a sentence takextfrom his essay, * Sur l’origiae 
homarienne des Crabes.’ “ Lesysf&tne nerveux des Crustao&s d^oapodes, en 
cffetj suhitune concen tration longifudinaler^guU&re a mesure qu’on d’$oigne 
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des Macroures pour se rapprochor des Brachyures et la reduction qu'il presente 
dans le sens de la longueur, esfc un indice, non pas des affinites precises de 
l’aninial, mais du degr6 devolution cancerienne auquel il est arrive.” If we 
accept this proposition, and for my own part I accept it without reserve, 
it must follow that a crab with a nervous system of which the ganglia are 
more concentrated in the longitudinal direction is farther removed from its 
Macruran ancestry than one in which the ganglia arc far less concentrated, 
and that the former cannot be a progenitor of the latter. 

Of the Raninuhe I have been able, thanks to the excellent state of preser- 
vation of the example sent me by Prof. Kishinoye, to make a thorough study 
of the nervous system of Ratiiua dentata and a sufficient study of that of 
Lyreidus tridentatus , of which I possessed two well-preserved examples* 
1 have also dissected the nervous systems of A otopus dorsipes and NoUweles 
chimmonhy and was able to ascertain that they are of the same character and 
the ganglia fully as much extended in the longitudinal line as in Ranina 
and Lyreidus y but their state of preservation did not admit of great accuracy 
in making out details. 

PI. 4. fig. 8 is a drawing of the nerve-ganglion chain of Jtanina dentata , 
as seen from above, the whole series being represented as flattened out in one 
plane. PI. 4. fig. 9 shows the actual position of the nerve chain as seen 
from the side, and its relation to the endophragmal skeleton. Owing to the 
deep infolding of the sternal apodemes of the posterior thoracic somites, 
the posterior thoracic ganglia and the abdominal ganglia closely applied to 
them are directed nearly vertically upwards. 

The cerebral ganglion is relatively large and quadrangular in outline, and 
the ocular, anteimulary, and antennary nerves are of large size ; otherwise it 
does not present any special features. A small pair of nerves passes forward 
to the rostrum. The cireum-aesophagcal connectives are long and stout. 
The small ganglia on either side of the oesophagus give off a fairly stout 
nerve to dilator muscles of the oesophagus as well as the more slender 
connectives of the stomatogastric system. The post-oesophageal commissure 
is well marked. The suboesopliageal ganglion mass is large and goblet- 
shaped in outline, as seen from above, and gives off five stout nerves on either 
side. These nerves are somewhat swollen at their origins, and the last two 
come off rather apart from the rest and give the appearance of originating 
from a separate ganglionic centre. Otherwise the six ganglia supplying the 
mandibles, first and* second maxilhe, and three pairs of maxillipeds are 
indistinguishably fused in the suboesopliageal mass. It will be noticed that 
the mandibular nerve does not spring from the suboesopliageal ganglion but 
from the circuixMBSophagcal connectives, some way in advance of the ganglion. 
The ganglion pair of the chclipeds is distinct, but so closely fused to the 
suboesopliageal mass that the connectives uniting the two are indistingnish( i^e. 
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The succeeding ganglion pair, supplying the first pereiopods, is situated well 
back in the thorax, and is connected with the pair supplying the ohelipeds by 
two long connectives separated from one another by a well-marked interval. 
The ganglion-pair of the second pereiopods is united with the preceding pair 
by similarly distinct connectives, but only one-th ird as long ns those con- 
necting the chelipeds and first pair. The connectives between the second 
and third ganglion-pairs of the pereiopods are shorter, but set widely apart, 
leaving an oval space for the passage of the large sternal artery. The two 
last thoracic ganglion-pairs, supplying the third and fourth poreiojMjds, are 
fused together, and the connections between them cannot be distinguished, 
but the separate ganglia can be clearly recognised, ( 'losely applied to the 
last thoracic ganglion-pair is the chain of abdominal ganglia, completely 
withdrawn into the thorax and represented by a short and thick nervous moss 
divided by distinct transverse constrictions into five segments. The terminal 
segment apparently represents the fifth and sixth ubdomiual ganglia fused 
together. Faired nerves issue from each abdominal ganglionic segment, and 
pass backwards closely bound up in the same connective-tissue sheath ns the 
fused mass of abdominal ganglia, but they are represented as spread out by 
dissection in fig. 8. The nerves issuing from the first abdominal ganglion 
segment can be traced to the first pair of modified copulatory abdominal 
limbs of the male. In this condensed and abbreviated representative of the 
abdominal nerve chain no trace of connectives nor of the paired stucture of 
the ganglia can be detected, Tiie abdominal ganglia and the nerves passing 
from them to the abdomen lie in the concavity of the narrow sella turcicn 
posterior formed by the deeply infolded sternal apodemes of the last two 
thoracic segments. FI. 4. fig. 10 is a representation of the ventral nerve 
'Chain otLyreiius tridentatus. The general plan is similar to that of Ranim y 
but the details are different. The snboesophagal ganglion is an ovoid mass, 
formed by the fusion of the ganglia of the mandibles, maxillae, and maxilli- 
peds. As I could only count five nerves given off from this ganglion on 
either side, I conclude that the mandibular nerve issues, us in Ranina, from 
the cironm-cesophageal connectives, but I was not able to verify this point. 
The ganglion-pair of the chelipeds instead of being approximated to the 
oesophageal as in Ranina , is placed further back in the thorax and is united 
with the suboesophageal by a thick cord, in which I could not trace any 
separation of the connectives in the middle line. My specimen was none 
too* well preserved, but I can say for certain that these connectives are bound 
together in the same connective-tissue sheath. The ganglion-pairs of the 
ohelipeds and first {>ereiopods are distant and, as in Ranina, their connectives 
are separated by a distinct slit-like space. The posterior thoracic ganglia 
ar* more closely approximated than in Ranina, and the short connectives 
il^ween the ganglion-pairs of the first and second pereiopods are hound 
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together in the same connective-tissue sheath posteriorly, leaving only a 
small circular passage between them anteriorly. The connectives between 
the next succeeding ganglion-pairs are pretty widely divaricated to admit 
the passage of the sternal artery, and the last two thoracic ganglion-pairs are 
so intimately fused that the separate ganglia cannot be distinguished. The 
abdominal ganglia are precisely like those of Banina , but somewhat larger in 
proportion to the rest of the ventral chain. In Not opus dorsipes and 
Notosceles chimmonis the ventral nervous chain presents much the same 
characters, but my examples of these species had lain for many years in spirit 
and were too roiten to admit of exact study. In Notopus the ganglion-pair 
of the chelipeds is separated from the suboesophageal ganglion mass by an 
interval somewhat shorter than in Lyreidus , but the connectives joining them 
are distinctly paired and are not included in a common connective-tissue 
sheath. 

The above descriptions, with the figures illustrating them, show that the 
thoraco-abdominal nerve system of the Raninidse approximates more nearly 
to the Macruran type than does that of any other Bmchyuran — indeed, more 
nearly than any Anomuran except Ilippa, in which genus, as T have 
ascertained by dissection, the thoracic ganglia are spaced fairly evenly along 
the longitudinal line and are united by distinctly paired objectives, except 
the last two which arc fused together. The abdominal chain also in Hippa 
consists of at least five fairly distant ganglion-pairs united by distinctly 
paired connectives, but I have not 3 et finished my observations on this genus, 
and must postpone the description of its nervous system to another paper. 

As compared with the Docapoda, of which the nervous systems have been 
accurately described and figured, the abdominal ganglia of the Ltaninida* 
most nearl} r resemble the condition found in Dromia vulgaris , as described 
and figured by Bouvier (22). I have myself verified the accuracy of this 
description. But in Dromia the thoracic ganglia, though distinct, are 
closely approximated in longitudinal series, and form a sort of oval beaded 
ring round the perforation for the passage of the sternal artery, as is the 
case in Cvtlappa among the Oxys tomes, in Corystes , and generally in the 
Catametopan section of the Brachygnathn. In respect of the longitudinal 
concentration of the thoracic ganglia, the Raninidse exhibit a much more 
primitive condition than Dromia . Similarly, the extended thoracic chain of 
the Raninidse is in a much more primitive condition than are the approxi- 
mated though distinct thoracic ganglia of Galathea and Porrellana among 
the Anomura, though these are more primitive as regards the abdominal 
chain. The same may be said in respect of Eupayurus, in which the thoracic 
ganglia are in some respects more completely fused together than in the 
Galatheidse. If we carry on the comparison to the Macruran types, the 
Raninidse cannot be brought into close relation with the Lobsters, and still 
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less with the Crayfishes, because in the first-named the thoracio connectives 
are separate and show hut little tendency to lateral £nsion. But of all the 
Maorura they most closely resemble Nephrops in this and other respects. 
In both the suboesophageal ganglion mass is in a very similar state of con- 
centration, the differences being that in Ranina the mandibular nerves are 
given off from the circum-oesophageal connectives (this may be correlated 
with the great length of these connectives) and in Nephrops the ganglion 
pair of the third maxillipeds retain a certain distinctness. The connectives 
between the snboesophageal and the ganglion-pair of the chelipeds are very 
nearly of the same length and in the same condition of incipient lateral 
fusion in Nephrops as in Notopus, though the concentration is carried further 
in the lateral sense in Lyreitlus arid in the longitudinal sense in Ranina . 
The connectives betwoen the ganglion-pairs of the chelipeds and first 
pereiopods are much longer in the Raninidfe than in Nephrops, bnt are 
equally distinctly paired in both and show no tendency to lateral fusion. 
The same may be said of the connectives next following. In the Raninidse 
the last two thoracic ganglion-pairs are more ( Lijreidm ) or less ( Ranina ) 
closely fused together. These differences apart, if the long chain of six 
abdominal ganglion-pairs of Nephrops were shortened up to the condition 
found in the Raninidse and withdrawn into the thorax, there would be very 
little difference between the two nervous systems. So far, then, as this part 
of their anatomy may sorve as a guide, the Dromiacea have progressed 
farther from the Macrurous in thfe direction of the Brachyurous type than 
have the Raninidse, but the latter retain many distinct Macrurous features 
and exhibit specially close affinities with Nephrops. 

It will be noticed that there is a marked tendency for the thoracio ganglia 
to form two groups, one at the anterior the other at the posterior end of the 
thorax, in the Raninidse. This must be correlated with the powerful develop- 
ment of the first, second, and third pereiopods as digging or swimming 
organs. These limbs are exceedingly strong, and are actuated by largely 
developed muscles enclosed in remarkably deep cavities formed by the endo- 
phragmal skeleton. The size and extent of these muscle cavities as compared 
with those of other Brachyura is one of the most striking features when one 
undertakes a dissection of any member of the Raninidse, and the abundant 
musculature of the limbs makes the dissection of the nervous system difficult. 
It is also worthy of remark that in Lyreidus the last pair of pereiopods are 
very weak and attenuated and the corresponding ganglion-pair is practically 
unrecognizable, whereas in Ranina, in which the last pair of pereiopods 
differs little in size from the rest, its gauglioti-pair is distinct and emits 
largo nerves to the limbs. 

- Two good figures are given in Cuvier's * Eigne Animal,’ but otherwise 
de Haan Is the only author who has dealt with the endophrogtnal skeleton of 
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the Raninida*. He snys (34, p. 136), 44 thoracis interior structure offert 
selhun turcicam nti tantum in Brachyuiis, atque canalem sternalem uti in 
Macrouris ceterim tantum invenitur. Apodemata singula tain sterni quam 
epimerorum ah utruque parte medio thorace junguntur in quoque articulo 
sterriali, canalem sternalem constituentia vertebrarumque formam plane 
simulantia. Apodemata ceplmlica pariter adsunt quinque transversa, ita ut 
Kanina* hoc respecta opposite sunt Drorniis , in quibus apodemata tlioracica 
et cephalica separatim versus centrum commune petunt.” We have here 
a combination of Macruran and Bruchyuran characters which, when the 
ancestry of the Itairinidre is in question, deserves close study. As a prelim- 
inary to this part of the subject, T must go in some little detail into the 
structure and morphology of the endophrugmal skeleton. It was described 
both for Macrura and Brachyurn by Milne Edwards (25), and since his 
day does not seem to have been studied in further detail. We have, sub- 
sequently, the brief but very accurate description of these structures in the 
Crayfish by Huxley (38). His figures, however, are not drawn from a point 
of view that clearly illustrates the structures described, and I shall endeavour, 
with the aid of new figures, to make clear some points that are necessary for 
a detailed comparison with the homologous structures in crabs. Fig. 1 1 is a 
ventro-lateral view of the sterna and the endophragmal skeleton of the second 
and third pereiopodal segments of the common Crayfish, seen from the left 
side ; the thorax has been tilted over to the right ; the outlines of the 
articular cavities of the limbs have been thickened to make them more con- 
spicuous. Ventratly we see the keel-shaped sternites, and at the outer side 
of the posterior end of each is a small articular socket, into which fits a 
corresponding knob on the coxa of the appropriate limb. Above are the 
corresponding epimera, separated from one another by a groove which is not 
a suture but a deep infolding of the cuticle, technically known as an opodeme. 
If we follow this groove down below the upper limits of the articular cavities 
of the limbs, we see that it bends forwards, then turns rather abruptly back- 
wards, and seems to end just below a little knob which fits into a corre- 
sponding cavity on the coxa of the appropriate limb. Thus the articular 
knobs, which I shall call strophidia, are borne on prolongations of the anterior 
ends of the pletfra, the articular cavities, which I shall call strophingia, 
on the posterior ends of the sterna *. The line indicating the epimeral 

* The*e small articular knobs and cavities have teen described in some detail, and tlieir 
mechanical action has been described by Herrick (37), but though often figured, they seem, 
to have been neglected by other authors. As I shall have occasion to refer to them 
frequently and to use them as landmarks, 1 have found it necessary to give them names and 
call the socket the Hrophiditm f the peg which fits into it the xtrophinyinm. The names are 
.^derived from the, peg and socket (orptxjHfif) hinge of a Greek door. For the 

correct formation of the diminutive ttr pojxus, strophidium, 1 am indebted to 

Mr. Eric Barber of Exeter College, 

urns* ^UB^.-HtooLoar, vpx* xxxv. 
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apodeme seems to rad just below tbe articular knob : in reality it is prolonged 
beyond it, and can be traced along tbe inner and hinder edge of the twisted 
lamella or arthropliragm that separates each articular cavity from the one 
next behind it. The artbrophragm. in fact, is a doable fold of the cuticle or 
apodeme, continuous with the pleural apodeme ; the two edges of the fold 
run down rather to the inside of the hinder edge of the arthropliragm, and in 
the entire animal pass respectively into the arthrodial or joint membrane of 
the limb in front and the limb behind. At the lower end of the arthrophragni 
the groove forms the apparent boundary between the contiguous sterna, 
but here again there is no suture ; the sterna are really continuous, and 
are only separated by apodemes. All this is familiar, bnt as separate names, 
epimera, sterna, arthrophragms, etc., are given to the various parts, I have 
thought it desirable, in view of the comparisons that are to follow, to emphasise 
the fact that these names only apply to local areas and indurations separated 
from one another by more or less deep infoldings of a continuous outicle. 
In the upper and lower parts of the nrthropbragm its apodeme is shallow, and 
consequently the arthrophragmal partition extends only a little way into the 
cavity of the body ; but at about the middle of its course the apodeme 
becomes very deep and gives rise to a lamina running upwards, forwards, 
and inwards towards the middle line, short of which it expands into 
horizontally flattened plate with jagged edges, which makes more or less 
intimate onion with its fellow of the opposite side. The laminae in question 
are the endosternites : they and their flattened summits form the walls and 
roof of the so-called sternal canal within which the thoracic nerve-ganglion 
chain lies. A sternal canal is found in the Macrura reptantia and in some 
Anomura, bat, with the exception of the Baninidte, it does not occur in the 
Bracbyura. F). 4 . fig. 1 1 also shows the epimeral apodemes or endopleurites. 
As the articular cavities slant backwards, the endopleurites alternate in 
position with the endosternites, and, as is familiarly known, each endopleurite 
divides internally, sending a posterior branch to unite with the endcisiernite 
of the segment behind, an anterior branch to unite with the endosternite in 
front. The result of all these complicated arrangements is that the cavity of 
each limb communicates internally with two imperfectly delimited chambers, 
which may properly be called muscle-cavities as the abductor and adductor 
muscles of the limbs are attached to the several apodcmic ingrowths that 
constitute their walls. In the Macrura, as the articular sockets of the limbs 
look nearly ventrally and the epimera are not much inclined inwards from 
the vertical, the muscle-cavitieB lie in nearly the same horizontal plane and 
alternate with one another. A consideration of the relative positions of the 
dorsal strophingia and yentral strophidia by which the coxa of the limb is 
bipged to the articular frame will show that the outermost and slightly 
dorsal of the two muscle-cavities encloses tbe abductor muscles whose action 
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moves the coxa outwards, backwards, and slightly upwards ; the innermost 
and slightly more ventral muscle-cavity encloses the adductor muscles whose 
action is the reverse of the abd actors. 

On comparing the thoracic skeleton of a crab such as Carcimts mamas 
with that of a crayfish or a lobster, the differences arc considerable. The 
carapace being removed, the epimera are seen to slope inwards towards the 
median dorsal line like the roof of a house. The sterna instead of being 
narrow and keel-like are widely extended laterally, and form by their union 
the broad ventral plastron across which run a series of transverse grooves 
indicating the sternal apodemes. As a consequence the sockets of the limbs 
are placed not ventrally but on the sides of the body, forming a row which is 
not straight but curved upwards at both ends. In some cases the hinder end 
of the row curves upwards, the fourth peroiopods being dorsal in position. 
Although Ih'omia is in many respects a primitive crab retaining many 
Macruran features, its endophragmnl skeleton is so characteristically crab- 
like that it will serve for comparison and contrast with that of the Crayfish. 
PI. 4. fig. 12 is a drawing of the left side of the thorax of Uremia vulgaris 
after removal of the carapace. The thorax has been slightly tilted over to 
the right to bring it as nearly as possible into comparison with PL 4. fig. 11, 
and for simplicity's sake the perspective of the ventral surface of the sternum 
has been omitted. Fig. 15 (PL 5) is a posterior view of the same preparation 
which illustrates some features not clearly shown in fig. 12. 

As in Astacus* the strophingia and strophidia, the former situated at the 
upper ends the latter at the lower ends of the arthrophragms, serve as 
convenient landmarks. The most conspicuous feature in the crab is the 
great depth of the arthrophragms, especially those between the muscle- 
cavities of the segments of the second and third and third and fourth 
pereiopods (intersegments xii/xiii and xiii/xiv). It is also characteristic 
that' the three posterior arthrophragms slope forward, the two anterior 
arthrophragms backward, in such wise that the flexor muscle-cavities of 
which they form the walls converge towards a point situated in the middle 
of the thorax. A third characteristic feature is that, owing to the low pitch 
•of the gabled roof formed by the epimera (see PI. 5. fig. 15) the abductor 
anuscle-cavities lie above und not, ns in the Macrura, in the same horizontal 
plane as the adductor cavities. All these features, which go a long May to 
make up the characteristic cancroid facies, are correlated with the habits of 
crabs. They run much more actively than any Macrura, and the attach- 
ments for the muscles of their pereiopods are proportionally increased. To 
provide these attachments the intersegmentul upodemes are very deep, 
p irticularly on the sternal surface and on the sides of the body, and the 
arthrophragms, instead of being mere flattened bars as in the Macrura, are 
conspicuous partitions extending deep into the body. But their internal 

* ■ . 1 3* 
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edges stop some way short of the middle line and are not prolonged into 
conspicuous endosternites. Towards their lower ends they do, indeed, give 
off triangular or thorn-shaped offsets (such an offset is shown in the inter- 
segmental arthrophragm x/xi in FI. 4. fig- 12), but these are not expanded 
into flattened summits and do not come into contact with their fellows of the 
opposite side of the body. Therefore , there is no sternal canal. The 
epimeral apodemes or endopleurites are well-developed in crabs and, as in 
Macrura, they bifurcate at their inner ends, the anterior bifurcation uniting 
with the interscgmental apodeme in front, the posterior bifurcation with the 
intersegmental apodeme next behind, as is shown in fig. 12. It should be 
noted that in all these respects Dromia 1ms departed so far from its Macruran 
ancestry and has token on so completely the characters of crab?, that it has 
been possible to make use of it as a typical example of this aspect of cancroid 
structure. 

If we now bring the* llsininidse into comparison, taking as our example 
Banina ilentata, we find a curious admixture of crab-like and Macruran 
characters, but the latter predominate and the former must be called 
deceptively crab-like, for a detailed examination shows that they must have 
originated independently, in relation to the habits of the animal, and not by 
way of inheritance from any other recognized crabs. 

In the first place, as may be seen by a comparison of FI. 5. fig?. 13, 14, and 
15, the contour of the thorax of Ilanina as seen from behind is more like 
that of a lobster than like that, of a crab. In the crab the width of the 
thorax largely exceeds its height ; in the lobster the height clearly exceeds 
the width ; in Banina the height is rather greater than the width. Looking 
at the sternal surface, Banina has a broad ventral plastron and in so far 
resembles a crab, but the most cursory inspection shows that it is made up 
almost entirely of the greatly enlarged and flattened sternum of the tent It 
segment'. The more posterior thoracic sterna, particularly those of the 
twelfth and thirteenth segments, are narrow and keel-like ; indeed, they are 
proportionately narrower than in the lobster. The broad sternum of the 
tenth segment is flat and has no vertical depth; that of the eleventh 
segment has the form of a pair of aliform expansions extending along th» 
posterior edges of the twelfth sternum and making up with it the ventral 
plastron. Posteriorly these aliform selerites meet in the middle line to form 
the short and somewhat thickened body of the eleventh sternum, tilted 
somewhat upward. The twelfth sternum is very narrow, of considerable, 
vertical depth, and is curved upwards. , The thirteenth and fourteenth sterna 
are still deeper vertically,- and are to much tilted upwards that the cavities of 
the third pair of pereiopods look , nearly directly backwards and the cavities 
of the fourth pair look backwards and upwards (PI. 5. fig. 14), IV Vge 
articular cavities of the chelipeds are placed laterally, hut tbftjw of tbeJrst, 
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and second pereiopods are almost ventral. Thus, in the middle of the thorax, 
the articular sockets of the limbs have the same position as in the Astacura, 
hat »t the two ends their position is similar to that seen in crabs (PI. 5. 
fig. 17). The epimera of Ranina arc of great depth and exhibit peculiar 
features that will be described later ; for the moment it is sufficient to note 
that, owing to the size and depth of the epimera, the artbrophrngms are 
relatively short and as in the Astacura are somewhat narrow curved lamina: 
separating the articular cavities. But, as also in the Astacura, tho arthro- 
phragmul apodemes are deeply extended into the body for a limited space on 
either side of the mid-ventral line. These extensions are the so-called endo- 
sternites, and in all the llaninida: they are very largely developed, the largest 
of them, namely the inlcrsegmental pair xi/xii, extending upwards as much 
as two-thirds of the entire depth of the thorax. As may be seen in PI. 4. 
fig. 9 and PI. 5. fig. 16, the four posterior pairs of endosternites slope 
sharply forwards from their points of origin from the arthrophragms, but the 
intersegiuental pair ix/x stands nearly vertically aqd the pair next in front 
slopes somewhat backwards. The upper ends of the endosternites are widely 
expanded, and their innermost expansions, the mesoplnagms of Huxley, 
unite in the middle line to form the roof of a very well-marked and very 
deep sternal canal, at the bottom of which lies the ventral nerve-ganglion 
chain. This is a 'wholly Macrurnn character and, as we have seen, it is 
unrepresented in Jfromia. In this respect, therefore, as in the nervous 
system, the Dromiacea have departed further from the Astacuhm and have 
advanced further towards the cancroid type of structure than have the 
Kaninidse. The former cannot, be in the direct ancestral line of the latter. 

To return to a consideration of the epimeral elements of the thorax. The 
epimera (fig. 17), with the exception of the last thoracic, have a great 
extent dorso-ventrally and present features absolutely distinctive of the 
Baninidse. That of segment ix stands nearly vertical and the broad 
epimeron of segment x nearly so. These two do not present any specially 
abnormal features, but the three succeeding epimera slope sharply forwards, 
so that their upper extremities converge towards the upper posterior angle 
of Hie tenth epimeron, und their extensive lateral surfaces are divided into 
dorsal and ventral moieties by a ridge running obliquely upwards from the 
hind margin of the articular cavity of the cheliped to the insertion of the 
abdomen. Against this ridge tho lower edge of the branebiostegite fits 
closely and is held in position by two projections, one near the anterior edge 
Of the eleventh, the other at the posterior edge of the thirteenth epimeron, 
just in frontof the articular cavity of the last pereiopods. The lower moieties of 
the epimera of the eleventh, twelfth, and thirteenth segments are therefore 
exposed on the surface, and form a somewhat excavated and roughly quadri- 
lateral area between the coxse of the limbs and the branebiostegite. The 
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epimeral walls iu this urea, being exposed, are strongly calcified. This 
exposure of a large portion of the epimeral surfuoe is a remarkable and 
nnique feature in the Raninidse. Even in the Astacnra, where the lower 
edge of the branckiostegite is free, it reaches down to the bases of the limbs, 
and in all crabs tho lower edge of the branchiostegite is so closely adapted 
to the coxte of the thoracic limbs as to leave no passage for water into the 
branchial chamber behind the chelae. This peculiarity did not escape the 
attention of Milne Edwards, but subsequent authors seem to have paid very 
little attention to it. If we now examine the interior of the thorax, we find 
that the apodemes between the ventral and exposed parts of the throe 
thoracic epimern in question are shallow and form nothing more than two 
inconspicuous thickenings internally, strengthening the framework of this 
part of the flanks but not projecting into the cavity of the body. But the 
apodemes above the line of the adherence of the branohiostegites are very 
deep and form well-marked endoplcurites which, as usual, bifurcate and their 
branches unite with the expanded summits of the endosternites next in front 
and next behind them. It appears that the excessive depth of the sternal 
canal is correlated with the restriction of the endopleuriies to the upper 
moieties of the epimera or, to put it in another w'ay, with the downgrowth of 
the ventral edges of the epimera beyond the line of the attachment of the 
branchiostegite. The ventral extension of the epimera is an adaptive 
feature, and receives its explanation when the habits of the animals are taken 
into account. The Raninidse arc digging crabs, with large and powerful 
chelipeds and first, second, and third pereiopods. In many the fourth pair ' 
of pereiopods is weak and slender, though in Banina this last pair is not 
much weaker than the others. The powerful digging limbs imply powerful 
abductor muscles and large adductor muscle-cavities. Reference to fig. 9 
shows that these cavities arc in fact unusually deep, and their extent is due 
to the great length of .the endosternites within the body and to the large 
ventral extensions of the epimera forming their outer walls. The same 
figure shows that, as in crabs, tho abductor muscle-cavities lie above and not 
alongside of tho adductor muscle-cavities. But cancroid as this character 
is, it has clearly a very different origin from the similar arrangement 
in crabs. 

To turn to another feature noted by de Haan, “ thoracis interior offert 
sellam turcicam uti tantum in Breobynris.” What is this sella tardea ? 
The name is due to Audoniu and Edwards, and the latter author has 
described the elements entering into its composition with groat minuteness 
on p. 34 of the first volume of the * Histoire. Nuturelle des Crnstaeds/ 
Paraphrasing his description, the sella turcica posterior is a little arch or 
vault, coneave from side to side and convex. from front to hack, formed l>y 
the forwurd extension and fusion together in the middle line of the nearly 



A STUDY IN CARCINOLOGY. 


39 


horizontally disposed intersegmental apodemes xiv/xv ; in other words, the 
apodemes separating the last thoracic from the first abdominal segment. 
This sella turcica is not present in all crabs, but where present the arrange- 
ments indicated above are due to the presence of a deep longitudinal mid. 
ventral apodeme in the last one or two thoracic sterna. The effect of this 
deep folding-in of the terminal thoracic sterna is to raise the hinder end of the 
last thoracic sternum and to throw its arthrophragmal apodemes forward into 
a horizontal position. The edges of the arthrophragms are thus brought into 
contact, and fuse in the middle line. It will be understood from the above 
description that the exhibition of a sella turcica is dependent on the 
formation of a more or less deep apodeme in the mid-ventral line of the 
penultimate thoracic sternum. 

Figs. 13, 14, and 15 are drawings of posterior views of the thorax of the 
lobster, of lianina dentata , and of Ihomia vulgaris respectively. In Ilomarus 
— I should more correctly write Astacus ! — the penultimate thoracic sternum 
is large and escutcheon-shaped in posterior view j it has a distinct mid- 
ventral apodeme and the central area or inescutcheou is membranous. The 
terminal sternum consists of two distinct quadrangular pieces united at their 
inner angles, anti above those is a curved transverse bar which appears to be 
a special calcification of the membrane connecting the last thoracic and first 
abdominal segment. It is not present in Sephrops norvegicus nor in the 
Crayfish ( Potamobius ). On either side of this bar the intersegmental arthro- 
phragius xiv/xv diverge outwards to unite by slender ends with the large and 
peculiarly shaped epimera of the fourteenth segment. From the front edge 
of the sternum just where it passes into the arthrophragni of each side, the 
two narrow and nearly horizontal episternites run forward diverging from 
one another ; only their tips appear in the drawing. There is no sella turcica. 
In lianina the penultimate thoracic segment, though relatively smaller than 
in the lobster, is similarly somewhat escutcheon-shaped. Both it and the 
ante-penultimate sternum have a deep mid-ventral apodeme, indicated by the 
median suture in fig. 14 and clearly shown in side view in fig. 9. The last 
thoracic sternum, clearly recognizable by the position of the two strophidia, 
is aliform with tapering wings diverging from one another and passing 
forwards and upwards to unite with the last thoracic epimeron. The arthro- 
phragms xiv/xv are triangular plates arising by their bases from the front 
edges of the V-shaped arms of the last thoracic sternum. Their apices are, 
in the natural position of the animal, directed forwards and downwards ; 
their inner surfaces are concave and their admedian edges meet and unite in 
the middle line! thus forming the sides and floor of the deep trough called 
the sella turcica* Fig! 9 shows the relation of the abdominal nerve ganglia 
and the nerves given off from them to this trough. The anterior ends of the 
arthrophragms in question diverge from one another and, curving outwards 
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beyond the intersegmental endopleurites xiii/xiv, unite with the inner edges 
of the lower part of the endopleurites xii/xiii. The sella tnroioa of Kanina 
is therefore of large extent, larger than in so typical a crab as Carcmus 
mams. Among the various Brachynra that I have studied, it most nearly 
resembles in form and extent that of Calappa. But, ns mentioned above, the 
sella turcica is not found in all crabs. Fig. 15 represents a posterior view of 
the thorax of Dromia vulgaris. The sterna of the twelfth, thirteenth, and 
fourteenth segments can easily be recognised by the strophidia on their outer 
extremities ; the large pair of ventro-lateral projections in front of them 
belong to the eleventh sternum ; their strophidia, being on their anterior 
face, do not appear in the drawing. The fourteenth (last thoracic) sternum 
does not differ much in shape from that of Kanina and offers resemblances 
to that of the lobster. The thirteenth and twelfth sterna arc irregularly 
shaped transverse bars,, of which the outer portions are calcified and 
distinctly separated by apodemes, but their admedian portions lose their 
distinctness and pass into a median membranous pouch, the walls of which 
are little if at all calcified. There is no truco of a median longitudinal 
apodeme in this membranous representative of the penultimate and ante- 
penultimute thoracic sterna, consequently there is no sella turcica. The 
artlirophragms of the intersegment xiv/xv are seen converging forward from 
the anterior edges of the V-shaped arms of the last thoracic sternum, and in 
other crabs they unite above with the epimera of their own segment, in front 
with the arthrophragme of the intersegment in front, bnt in the absence of 
the ventral apodeme they fall far short of meeting in the middle line to form 
a sella tnrcica. In this respect, then, Dromia hns progressed less from the 
Macruran towards the Brachytiran condition than Kanina, and this might he 
fastened upon as an argument in favour of the derivation of the Raninidro as 
of all other crabs from a Dromiacean ancestor, but the transversely elongated 
twelfth and thirteenth sterna of Dromia are quite Brncbyuran in character 
and very different from the narrow and keel-shaped corresponding sterna 
in the Raninidse. 

On the balance the evidence afforded by the structure of the hinder part 
of the thorax is against the Dromiacean ancestry of the Raninidse. 

Another crab in which the sella turcica is absent is Philyra Unis. In view 
of de Haan’s emphatic opinion that the Leucosiidse are clearly united to the 
Raninidse through Lyreidut, an opinion winch has found favour with subse- 
quent authors, the marked differences in the structure of the thorax demand 
attention. A detailed comparison of the endophragmul skeletons of the 
Rammdte and Lcucosiid® is host reserved for the discussion of the possible 
derivation of the latter from the former “ “ * ^ 

hut it may be conveniently pointed e,t 
pfiktron k broadest at its posterior end ; 


it in this place that in i 

thair ■ * 
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transverse to tbe long axis of the body (with the exception of xiii/xv and 
xiv/xv, which arei directly obliquely backwards from the middle line), are of 
no great vertical height, and give off no offset to form a sternal canal. The 
abductor muscle-cavities are of great length and slope backwards, converging 
to a point at the postero-external angle of the thorax on either side. There 
is no mid-ventral longitudinal apndeme and the arthropliragm xiv/xv is 
rudimentary, so there is no trace of a sella turcica. The arrangements of the 
several parts are as widely different as possible from those in Lyreidus or 
any other of the llaninidm. 

Though do Haan in the quotation given above (p. 33) draws a contrast 
between the llaninidse and the Dromiacea in the matter of the “ apodemata 
cephalicu,” i.e. the pleural and sternal apodemes of intersegments v/vi-ix/x, 
the Hauiuidic show more resemblance to the Dromiacea than to the Astacura 
in this region, and the two first-named groups differ largely from the last. 
Passing over the obvious differences due to the presence of a broad and fiat 
shield-shaped sternum in the itaninidiu, attention may 1 m* directed to the 
apodemes enteiing into the composition of the anterior part of the sternal 
canal. The render will remember that in the Astacura, of which JS'e/dtropt 
norvegiait mny be taken as a convenient example, the pleural and sternal 
apodemes of the three intersegments in front of ix/x, though some are missing 
and others feebly developed, unite to carry forward the sternal canal towards 
the region of the -mouth. In front of them both the sternal and pleural 
apodemes, but particularly the latter, of intersegment v/vi are very largely 
developed, and their expanded internal extremities combine to form a 
stout platform between the subassophageal ganglion mass and the stomach, 
known to the older carcinologists as the sella turcica anterior. Huxley 
named this platform the cephalic npodeme. In Xotopus and Raniiia, the 
only two genera of the llaninidse in which I have been able to study 
these structures in detail, the endosternites and endopleurites of intersegment 
ix/x are normal (figs. 9, 16, & 17), the former standing nearly vertically above 
the plastron and ending above in slightly expanded summits which are 
joined in the usual way by the anterior branohes of the corresponding endo- 
plenrites. The endosternites of intersegment viii/ix are small and directed 
backwards to touch the summits of the endosternites behind them. The 
endopieurite of intersegment viii/ix is minute, is net.branohed, and converges 
towards the point where endosternites viii/ix and ix/x come into contact. 
Intersegment vii/viii shows only rudimentary endosternites, but its endo- 
phurites are fairly well developed, exhibiting ft very short anterior branch 
am/ a posterior branch which makes connection with endostornite viii/ix. 
In intersegment vi/vii there is no recognisable endoaternite, but the endo- 
pleurif* is present in the, form of a smell incurved lamella. Intersegment 
v/vi is largely membranous, and neither endosternites nor endopleurites can 
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be distinguished in it. Hence there is nothing to correspond with the seiltt 
turcica anterior of the Astacura. In Dromia vulgaris much the same elements 
can be identified as in the Baninidse, but the sternal and pleural apodonies 
of intersegment ix/x do not meet to form a sternal canal. Similarly the 
sternal and pleural apodemes of intersegment viii/ix unite oil each side to 
form a curved shelf running inwards from the thoracic wall, but leave a wide 
space open in the middle line. The pleural apodemes vi/vii are fairly well 
developed and project some way inwards and backwards, hut are far from 
approximating in the middle line. The intersegment v/vi is fairly stout, but 
is simply an arthrophrngm without any ingrowths that can be distinguished 
as endosternites, and though the sixth pleura are well developed, they have 
no inwardly projecting apodemes separating them from the membrane that 
corresponds with the fifth pleuron. In all these respects Dromia has 
departed farther from the' Astacurnn condition than have the Baninidae. In 
another matter also, the Raninidse stand closer to the Astacura. In the last 
named, for example in Nephrops, the ninth, eighth, and seventh sterna do not 
lie in the same straight line as the thoracic sterna behind them, but aro 
directed upwards, so that a line drawn through them forms an angle of about 
140° with a line drawn through the hinder ends of the more |>osterior 
thoracic sterna. 

In the Baninidte, as shown in fig. 17 for Notopus, a line drawn through 
the soventh, eighth, and ninth sterna forms an angle of 134° with a tiue 
drawn through the tenth aud eleventh sterna. In Dromia the corresponding 
lines meet at an angle of 108°. This is unother character in which the 
Dromiacea have departed farther from the Astacuran type than the Runinidse, 
but, as regards the six post-oral segments, it would not be quite accurate to 
say tliat they have advanced further towards the cancroid type. There are 
certain points of resemblance between the Dromiacea and the lianinidw 
which may be taken as evidence of but slight modification from the common 
Astacuran stock from which both have descended : uot, however, as evidence 
that one group has descended from the other. The evidence so far tendered 
shows that the Raninidsu in their nervous system and in the characters of the 
endophragmal skeleton aro much more nearly akin to the Astacura than are 
Dromiacea ; they are, therefore, the more primitive group and cannot. Itave 
descended from the less primitive. In both groups the departures from the 
Macruran type as exhibited in the first six post-oral segments are due to the 
acquisition of a broad sternum in the tenth segment and the upward cant of 
the sterna immediately in front of it, with which are associated the retreat 
of the sub-oesophageal ganglion mass into the thorax (see fig. 9 for Banina) t 
the decrease in length of the carapace and the increase in width, of its 
anterior margin. The mouth is also brought to a more anterior and less 
ventral position than in the Hacrura. : 
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Correlated with these modifications is the extent to which the epimera of 
the post-oral segments are involved in the branchiostegal fold. In most 
of the Brachyura that I have examined they are more intimately involved 
than is the case either in the Kaninidsc or in the Dromiacea, and the corre- 
sponding sterna and arthrophragms are modified and exhibit features 
departing more widely from the Astacuran type. A preliminary survey 
leads me to believe that a study of the structure and relations of the first six 
post-oral segments in the Brachyura will yield results of considerable classi- 
ficatory value, but any attempt to discuss the subject would involve a long 
digression, and it cannot be pursued any further in this place. 

But, before instituting a comparison between the pre-oral sternites and the 
adjacent parts of the exoskeleton in the Dromiacea and Raninidse, it will he 
necessary to make a considerable digression with the purpose of clearing up 
doubtful points in the morphology of this region in the Decapoda reptantia, 
and defining more precisely certain terms which, to say the host of it, are 
used in an ambiguous sense by carcinologists. 

In the Astacura and in Brachyura in general therd is in front of the month 
n plate, usually of considerable breadth laterally, but of variable extent antero- 
posteriorlv, to which is given the name of “epistome.” Behind this is the 
triangular, or in Brachyura the more often quadrilateral area known as the 
“ mouth-frame.” The confusion arising from the loose application of these 
names is really remarkable. They are due io Milne Edwards and Aiulouin, 
and it will be well to quote the former uuthor in extenso (25, vol. i. p. 251): 
44 En arriere des fossettes untennaires, on voit line surface plane, plus ou 
moins otendue, qui represente le troisieme anneau cephalique et qui poste le 
noin L’espace occupe par Tepistome, les fossettos anteimaires et 

la base des antennas externes constitue ce quo nous appelons la region 

antenmdre Les parties laterales et inferieures de la carapace, quo 

nous appellerons regions pterygostomiennes, sont toujours dirigees plus ou 
moins obliqueinent en deliors et en haut, et sur la ligne mddiane elles laissent 
entre elles un espace vide qui est occupe par l’appareil masticateur et que 
nous d&ignerons sous le nom de cadre buccal ; tantot ce cadre buccal k la 
forme d’uu quadrilatfere ass ex regulier, tantot il est triangulaire, et e’est 
toujours k sa partie anterieure que viennent se terminer les conduits efferens 
des cavites branchiales.” The definition of the “ epistome ” is sufficiently 
exact ; it represents the sternum of the third cephalic segment, that is, the 
antennury segment. Huxley (38) calls the epistome “ the sternal region 
which appertains, in part, to the antennas and, in part, to the mandibles.” 
He was correct in recognising the inclusion of the mandibular sternal 
element in the “ epistome,” so we must take the term to connote the con- 
joined antennary and mandibular sterna* Both Milne Edwards and Huxley 
further recognised the distinctness of the antennulary sternum lying in front 
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of the “ epistome.” Bat the French naturalist, usually so exact in the 
definition and use of anatomical terms, goes sadly astray in the application 
of the terms under discussion, and lias thus introduced a confusion which 
has persisted in carcinological literature down to the present day. Thus in 
vol. ii. p. 170 of the ‘Histoire Naturelle des Crustaods’ we find it stated of 
Dromia, “ l’dpistome est triangulaire,” but clearly the triangular sternal 
element here referred to is the antennulary sternum {see infra, p. 50). In 
the same place he says, “ le cadre buccal est & peu pres carrd,” and it is clear 
from an examination in this region in Dromia, that tho “cadre buccal*’ 
is the combined antennary and mandibular sternum, that is, by h : s own 
definition, the epistome. Again in vol. ii. p. 97 we find it stated of the 
Oxystomatous crabs, “ le cadre buccal est tout-a-fait triangulaire,” and on 
p. 102 of the Calappidse, “ il n’y a point d’epistome distinct.” But a study 
of these crabs shows that the triangular “ cadre buccal ’’ is chiefly made up 
of the antennary slernmn, i. e., it is the epistome, which is said to be absent S 
Among more recent authors, Caiman (23, p. 257) writes: “the antennal 
sternum is mainly represented by the epistome, a plate of varying shape 
lying between the labrum and tho bases of the antenna), ” and further on 

“the buccal frame is more or less distinctly delimited by the epistome 

itself or by a transverse ridge which divides the epistome into two parts, 
the epistome proper and the endostome or palate.” He does not, with 
Huxley, recognise the inclusion of the mandibular sternum, but there can be 
no doubt that Caiman identifies the greater part of the “ epistome *’ with the 
antennary sternum. A little further on the same author makes the following 
statement : “In all the BrHchyurn the rostrum or frontal plates ends down- 
wards in the middle line a process which unites in front of the ophthalmic 
and antennular sterna with the epistome and separates from one another 
the basal segments of the antennules.” This represents accurately enough 
the prevailing opinion on the subject, and indicates quite clearly that the 
antennulary sternum is not to be regarded as a component part of the 
“ epistome.” But, whilst this part of the statement is accurate, the re- 
maining part is most inaccurate, for an examination of a large number of 
crabs belonging to diverse families shows that, with very few exceptions, the 
downward process of the front or rostrum does not unite with the antennary 
sternum, that is with the epistome; but with the antennulary sternum. The 
fact is so dbvious that it is difficult to understand how the error originated, 
the more so because Milne Edwards, however obscure he may have been on 
the subject of the epistome, is quite definite and exact on this point. “ Le 
front se prolongs au-dessus de 1'anneau qui ports les yeux. Dans le jeune 
&ge, cet anneau rests k ddoouvort antdrleurement, et les yeux ne sent pas 
logds dsns des cavitds orbiiaires completes ; mais, plus lard, Is pirtie 
fnfdrieore do front se sdnriit, sur la ligne mediane, a one prolongement de 
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1’arceau inferieure ilu second anneuu, de finjon a ‘entourer complete meat le 
segment oculaire qu’on n’aper^oit plus qu’a l’interieur de la carapace ” (25> 
vol. i. p. 250). 

It is not necessary to push the question further, for the above quotations 
show that the terms “ epistome ” and “ mouth-frame ” (cadre buccal) have no 
definite connotation, and being incapable of exact application, must be dis- 
carded in favour of a more precise terminology founded on an appreciation 
of the morphological elements entering into the composition of this region. 
It is, however, no easy task to give such an appreciation. 

A consideration of the more simple and primitive arrangements obtaining 
in the Maerura must precede a discussion of the highly modified relations of 
homologous parts in the Brachyura,and for this purpose Sephrops norregints 
may be selected as an example. Fig. 19 is a frontal and fig. 20 a lateral 
view of the cephalic segments of this species. In both the rostrum has been 
cut through near its base, the ocular peduncles have been cut through near 
their origins, and in fig. 19 the edge of the carapace has been cut away 
where it overlaps the external boundary of the right antennary fossa. The 
first point for consideration is, what constitutes the anterior extremity of the 
cophalothorax ? Not, I think, the rostrum. Huxley (38) has given reasons 
for regarding the rostrum as a forward prolongation of the third or antennarv 
somite, and although, following Milne Edwards, he based his identification on 
the somewhat doubtful evidence afforded by the anterior bead segments of 
adult Stomatopods, there is no reason to go so far afield to obtain evidence 
in support of this view. [» the deep-sea Pena?ida?, Benthes'uymus alias ami 
Ilemipeneus spundorsalis^ the ocular and antennulary segments are sufficiently 
distinct and freely moveable on one another to afford abundant, justification 
for it. Tt is also evident from an inspection of fig. 20, that in Sephrops the 
ocular segment lies in front of the base of the rostrum and has its proper 
tergum in the form of a median selerite of cartilaginous consistency, little 
if at all calcified, but none the less definite in form and extent and clearly 
recognizable as a distinct element in the exoskeleton of this region. The 
side-walls or epimera of the ocular segment are thin and membranous, but 
the sternum is a distinct triangular piece, scarcely calcified and of much the 
same cartilaginous consistency as the tergum. It has been recognised by 
all. previous authors. Immediately behind the ocular is the easily recogniz- 
able antennulary sternum, and to tbe right and left of it are the articular 
sockets of tho antennules, separated by the arthrophragms ii/iii from the 
antennary sockets* The antennulary segment is completed, as has been 
shown by previous authors, by tbe aliform calcified plates which form the 
greater part of the walls of the shallow excavations in which the ocular 
. peduncles rest when turned outwards and represent the epimera of tho 
antennulary segment, I agree with Huxley (38, p. 157) in identifying a 
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narrow transverse bar at the base of the rostrum with {the tergum of the 
autennulary segment. This bar is easily seen from the inside, bat does not 
appear in a front view, being concealed by the base of the rostrnm. Bight 
and left of it are two deep crescentic grooves which are the external indica- 
tion of two deep aliform apodemes to which the anterior gastric muscles are 
attached. The apodemes in question are known as the procephalic lobes, 
and various suggestions have been made as to their significance, but, in my 
opinion, they are simply the well-developed pleural apodemes of the inter- 
segment i/ii. Thus far the interpretations I have given are hardly, if at 
all, at variance with those of previous authorities, but the homologies of 
the antennary and mandibular segments present greater difficulties. The 
so called epistome of jtfephrops, as also that of the lobster and the crayfish, 
is clearly made up of two parts : an anterior broad plate the lateral regions 
of which are produced right and left into broad divergent wings, giving the 
whole the shape of a broad inverted V. Behind this, fitting closely into 
the angle of the V, bat separated from it by a distinct groove, is a somewhat 
projecting narrow curved bar the outer extremities of which end in incurved 
knobs, which knobs are excavated internnlly to form the strophidia for r.rticu- 
tion with the inner articular processes of the mandibles. The presence of 
these strophidia is of itself evidence that the bar in question is the mandibular 
sternum. The transverse groove in front of it deepens in the middle line to 
form a triangular pit or depression and on the inner surface is a correspond- 
ing projection — in fact, an apbdeme for the attachment of muscles. As 
transverse apodemes are always interseginontal, this groove with its median 
apodeme indicates clearly enough the boundary between the antennary ami 
mandibular sterna. The antennary epimeron of either side is represented by 
the very narrow curved bar forming the outer boundary of the antennary 
socket. This bar is united by a membranous fold to und is overlapped hy 
the fold of the anterior margin of the carapace forming the commencement 
of the brauchiostegite. Posteriorly this bar bends inwards to form the 
thickened interned rim of the antero-luteral margin of the antennary 
sternum, and though it is completely fused with the latter, I do not doubt 
that this thickened rim represents the intersegmentul urthrophragm iii/iv. 
Externally the antennary epimeron expands and passes, without any obvious 
line of demarcation, into tbe calcified plate marked x in fig. 18. In 
Nephrops this plate is firmly fused to the outer edge of the V-shaped 
antennary sternum, and is set back at an angle to it in such wise as to form 
the inner and upper wall of the anterior part of the exhalant branchial canal, 
bat in both the lobster and the crayfish it lies more nearly in the 
plane as the antennary sternum and takes little or no part in the for m ation 
of the branchial canal. The postero-internal margin of this plate is thickened, 
produced backwards, and engages in a groove on tire front surface of the 
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mandible, thus forming the hinge-line about which the mandible rotates. 
The postero-external edge of the plate is ill-defined and passes into an 
imperfectly calcified area forming the roof of the branchial canal. The 
membrane narrows posteriorly, and arriving at the external articular pro- 
cess of the inaudible, again becomes calcified and thickened to form a rather 
large strophidium for articulation with the mandible. After comparison 
with many other species, I hare satisfied myself that the whole of this area, 
calcified in front and behind, but imperfectly calcified or membranous in 
the middle, represents the epimeron of the mandibular segment, which 
in the Astacura is fused to the autennary epimeron, but in some primitive 
Brachynra, as I shall show subsequently, is quite independent of it and 
also of the nntennnry sternum. Belying on these interpretations which, I 
venture to think, will be nccepted by anyone who makes a careful compara- 
tive study of this region, I shall henceforth discard the misleading and 
purely topographical names in general use and spoak of the sterna, epimera, 
etc., of the various segments. 

Before bringing the Kan ini die into comparison it will be well to consider 
the characters presented by some other Oxystome crabs, particularly of 
the Dorippid® from which, according to some authors, the lianiuidm are 
descended. I have studied Dorippe lunata, M. Edw., jtEtluua ciliatifront , 
Fax., and A Ethurina gradlipes , Thiers. Of these the last-named species 
shows the most primitive and interesting features, and its mouth-frame and 
autennary region uro depicted in fig. 21. The basal joints of the antennules 
are enormously inflated ami interposed between the exposed portions of the 
•ocular peduncles and the rostrum. The antenmc have a four-jointed peduncle 
and a fairly long flagellum ; the basal joint is small hut freely moveable. 
The downward process of the front or rostrum articulates with the anlennulary 
sternum, the latter being produced right and left into wings which are 
adapted to the shape of the inflated basal joints of the antennules. In this 
species the antennulary sternum is largely exposed, only its posterior margin 
is overlapped by the front end of the spout-shaped antennarv sternum. 
The lutter sclerite is well defined and the sutures uniting it to adjacent 
parts can be seen clearly. It consists of a central somewhat scutiform plate 
with antero-external projections of which the edges are inrolled ven trally to 
form the spout-3haped Oxystomatous mouth. It is to the hinder ends of 
these lateral infolded projections that the pterygostomial processes of the 
carapace are united. Behind the body of the autennary sternum is the 
mandibular sternum, a very slender but distinct and calcified curved bar. 
llight and left, intervening between the lateral wings of the antennary 
sternum and the outer ends of the mandibular sternum, are two distinctly 
defined oval plates forming the roof of the anterior part of the branchial canal 
and extending so far backward that they supply the articular strophiugia for 
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the external articular processes of the mandibles. There can be little doubt 
that these are the epimera of the mandibular segment, and that they are 
homologous with) the less sharply defined areas similarly identified in the 
Astacura. 

In Mtlmta oiliatifroni the arrangements are very similar to those in 
Ethurina , but the individual sclerites are not so easily distinguished. In 
this species the spout-shaped anterior end of the antennary sternum is pro- 
duced so far forwards that very little of the antennulary sternum can be 
seen in a surface view. The mandibles also are reduced in size and the 
mandibular sternum is membranous. In J)orij>pe lanata the spout-like 
anterior end of the antennary sternum is produced forward to such an extent 
that it articulates with and overlaps the downward process of the rostrum, 
thus completely concealing the antennulary sternum. This is one of the 
rare instances in whioh union is effected between the rostral process and 
the antennary sternum. In Dorippe as in j. Ethma the niandibnlar sternum 
is almost wholly membranous, exhibiting only two small calcifications in the 
region of tbe strophidia. The mandibular epimera rre large and distinct, 
triangular in shape, tbe apices of the triangle produced backuards. The 
body of tbe antennary sternum exhibits a large central boss in front of tbe 
mandibular sternum, which might, at first sight, be taken for a forward 
median extension of the latter, but it obviously -has no connection with it. 

After this survey of one of the families of tbe Oxystomatous crabs, the 
Raniuid® may be brought into comparison. Fig. 22 is a front view of 
the present region of Notoput tfortipet, all tbe appenduges being removed 
with the exception of the right mandible and tbe left ocnlar peduncle. 
Fig. 23 is a similar Tiew of Ranim dentata, and figs. 24 and 25 illustrate the 
same regions in Nototeeles and Lyreuiut. For descriptive purposes Notoput, 
a less modified genus than Jianina or Lyreuiut, will be taken as the example 
of the family. The first thing to be observed is that the antennary sockets 
are relatively large and situated behind rather than to the sides of the 
antennulary sockets. - In this respect Notoput more nearly resembles 
Homarus than Nephropt, tor in the latter the antennary sockets are dis- 
placed laterally. Reference to fig. 29 shows that in Notoput , as in all 
Rauinidse, the antennary peduncle is five-jointed, the basal joint being freely 
moveuble, short a n tero- posteriorly but of relatively considerable width ven- 
trally, and it bears the excretory aperture on a distinct prominent tubercle. - 

In Notoput and in Jianilia, M. Edw., tbe antennary flagellum is multi- 
articulate and of considerable length, with special features which will 'be 
referred to later. All these characters ere Macruran. Tire untennutes 
(fig. 28) with their enlarged basal segtnetts ancf abbreviated few-jointed 
external and internal flagella ere more cancroid in character, hut the basal 
joints ere not inflated to anything like the same extent as in the Bo^ppidsS 
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ami the antennary sockets lie well behind the ocular peduncles ; there are no 
antennalary fossse internal to the orbits. The ocular peduncle of Jlanina , as 
is well known, exhibits these calcified segments bent at an angle to one 
another when the peduncle is retracted into its orbit. Reference to fig. 22 
shows that there are similarly three segments in the ocular peduncle of 
Notopus , but the two proximal are very short, the greater part of the 
peduncle being formed by tho elongated distal segments which, when turned 
backwards and downwards, rests in an elongated orbital excavation fringed 
with hairs. There is no division of the orbit by a downward growth of the 
front external to the antennules, and the proximal segments of the ocular 
peduncles are inserted close to the middle line on either side of the rostral 
downgrowth. In all these respects the Raninidse have departed very little 
from the Astacuran type and differ from the more cancroid characters 
exhibited by the Dorippidse. In Notopus the downward process of the 
rostrum is narrow and strongly keeled ventrally ; its dovetail-like articu- 
lation with the antennulary sternum is well seen in fig. 22. The antonnulary 
sternum is escutcheon-shaped, strongly keeled iu the middle line, and narrow" 
posteriorly. It has a certain amount of mobility on the antennary sternum, 
which latter structure is a broad triangular or rather V-shaped plate the 
apex pointing forward, the antero-lateral margins raised and thickened but 
not infolded and forming part of the inner wall of the antennary sockets : 
more posteriorly these margins are united to the pterygostomial lobes of the 
carapace. The ventral surface of the antennary sternum is deeply excavated 
to form the exhalant orifice of the branchial canals ; its anterior moiety is 
divided into right and left channels by a low r median ridge, posterior to which 
the right and left branchial canals are separated from one another by a large 
ventrally projecting hood. This hood, which is characteristic of the Rani- 
ttid*e» is the greatly developed median part of the mandibular sternum, and its 
postero-external corners are produced right and left into curved horns at the 
extremities of which are the strophidia for the articulation of the mandibles. 
The suture between the antennary and mandibular sternum is well marked 
in all the Haninidm I have examined. The shape and size of this hood-like 
mandibular sternum and its relations to the antennary sternum in front and 
the labrum behind are shown for Itanina in the perspective* sketch (fig. 2fi). 
The figure also shows the ourved lines of hairs guarding the exit of the 
branchial canal ; the posterior and more prominent line of hairs marks off 
an oblong plate forming part of the roof of the branchial canal, and ns a 
distinct suture can be observed internally corresponding to the external lino 
of hairs, I identify this oblong plate with the mandibular epimeron. In 
Notoprn the exit of the branchial canal is guarded by a diffuse hairy 
patch, and the area behind this, drawn out into the triangular projection 
shown in fig. 22, must be taken to represent the mandibular epimeron, 
wm» rot. xxxr* 4 
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but it is so intimately fused to the antennary sternum that no suture is 
visible. 

Posteriorly the mandibular epimeron is continued into the flexible mem- 
brane forming the roof and outer wall of the branchial canal. In Notoscelea 
(fig; 24) the antennary sternum is very short, is easily separable from 
the antennulary sternum, and the intersegmental arthophrragin iii/iv in 
front, and the mandibular epimera appear to be wholly membranous. In 
Lyreidug, on the other hand (fig. 25), in keeping with the great elongation 
of the pre-oral region of the carapace, the anterior part of the antennary 
sternum is greatly produced and to a certain extent overlaps, but does not 
coneeal, the antennulary sternum. The regions of the raandibnlar epimera 
are also produced far backwards on either side of the mandibular sternum 
and are calcified, -but I cannot find any line of division between them and 
the antennary sternum. It should be observed that in Lyreidve the pterygo- 
stomial lobes of the carapace are produced far in front of the mandibles 
and are united for a considerable distance with the edges of the antennary 
sternum, a condition very different from that in the Leucosiidse, with which 
Lyreidug has so often been compared. 

From what precedes it is evident that the Kaninidse diverge so much from 
the Dorippidss and are so much more primitive in several important par- 
ticulars, that they cannot be descended from the latter family. Nor does a 
comparison of the pre-oral segments give any support to the descent of the 
Baninidas from the Dromiacea. t Fig. 27 is a frontal view of the antennary 
and oral regions of Dromia vulgaris. The antennse and antennnles have 
been removed and also the left ocular peduncle, but that of the right side is 
left in place. The whole facies is more cancroid than in the Raninida?. The 
proximal ends of the ocular peduncles, concealed behind the inflated basal 
joints of the antennnles when the latter are in place, are membranous. The 
antennulary and antennary fossae are small and lie in nearly the same trans- 
verse line. The orbits so far resemble those of the Raninidse that there are 
no downward processes of the front external to the antenuules. The median 
triangular shield with the apex directed forward is the autennular sternum, 
and evidently is what Milne Edwards called the “ epistome ” (loc. tit.). It 
is separated by a distinct but shallow membranous apodeme from the 
antennary sternum behind, and there is a certain amount of mobility between 
, these sterna. The apex of the antennulary sternum fits into a deep depres- 
sion of the downward process of the rostrum, but can easily be pulled ont of 
it. The antennary sternum forms the anterior boundary of the so-called 
mouth-frame, and consists of a median bilobed area and two lateral Wing- 
shaped areas marked off from the former by grooves. The two lobes bf the 
median area are nearly square in outline and separated from one anotber by 
a deep median fissure : their anterior margins are thickened end truncated, 
forming a prominent ledge behind the base of the antennulary sternnm" 
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finch of the lateral wings is armed anteriorly with a prominent frpine ; its 
outer border is nearly straight and makes nearly a right angle with the 
transverse ledge formed by the median lobes; its inner border is thickened 
and curves round the outer extremity of the mandibular sternum. The last- 
named structure is a projecting curved bar intimately fused to the median 
area of the antennary sternum, but marked off by a groove which in the 
middle line deepens to form a triangular fossa. Laterally the mandibular 
sternum seems to terminate in a pair of incurved prominences for articula- 
tion with the inner articular processes of the mandibles, but is clearly 
prolonged beyond these as a pair of diverging horns intimately fused to the 
postero-internal edges of the aliform external areas of the antennary sternum 
but projecting slightly beyond the latter. The mandibular epimera are 
largely membranous, blit their antero-internal ends are calcified lo form the 
two plates marked in fig. 26 which form the roof of the anterior part of 
the exhalant branchial canals. A comparison of figs. 19, 22, and 27 will, I 
think, convince the reader that in the whole make-up of the pre-oral region 
the Dromiacea have departed further from the Astacuran type than have the 
Kaninidse, particularly in the reduction of the rostrum, the greater develop- 
ment of the suborbital lobe of the carapace, the membranous condition of 
the inner moieties of the ocular peduncles, the size and relative positions 
of the antennulary and antennary fossa:. Further, the modifications of the 
antennary and mandibular sterna are widely divergent in the two groups. 
It may be objected, and there would be some force in the objection, 
that the genus Dromia , on which I have relied for study of details, is a 
much modified and specialised genus of the Dromiacea, and that I should have 
directed my attention rather to the more primitive genera, Homolodroma and 
Dicranodromia y oil which Bouvier so largely relies in establishing his theory 
of the Astacuran origin of crabs. Unfortunately examples of these rare 
and instructive forms were not at my disposal, but they have been described 
in sufficient detail by A. Milne fidwards and Bouvier (28), and a reference 
to pi. i. fig. 2 and pl.iii. fig. 2 of their admirable memoir will convince the 
reader that I am justified in extending the results of my study of the genus 
Dromia to the more primitive members of the group and in asserting that in 
the make-up of the pre-oral region, as in other characters previously dealt 
with, the Dormiacea have departed more widely from the Astacuran type 
than have the Raninidse, and therefore cannot be enrolled in the ancestry of 
the latter. 

I submit that, by a detailed study and comparison of the nervous system, 
the endophragmal system of the thorax, and the cephalic segments, I have 
proved the first part of my thesis and have shown that, whilst there is plenty 
of evidence for deriving each group separately from an Astacuran ancestor, 
tile Ranifiidse cannot be directly descended from a Dromiace&n stock. The 
■ * 4 * 
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palaeontological evidence available, as far as it goes, supports this thesis. 
The Raninidse are ancient forms amoug crabs, and when they make their 
first appearance have their characteristics fully developed. The earliest 
fossils of which I can find a sufficiently exact account are liminella Trigen 
from the gr&s verts of Maine (France) and R. elongata from the cretaceous 
beds' of the Sarthe. Both deposits belong to the Turonian division of the 
Cretaceous. In these early Raninidse the carapace is of elongated oval 
shape, broadest in the anterior third ; the “bucoul frame” is so much 
elongated that it is nearly half the length of the body ; the thoracic sterna, 
wide between the first pair of legs, become narrowed between the second 
pair and are reduced to linear dimensions between the posterior pairs of 
pereiopods ; the four pairs of pereiopods are compressed and adapted for 
digging in sand (A. Milne Edwards 27). ThiB is" the description of a 
very typical Raninid of fossorial habit showing no greater affinity to the 
Frosoponidsk or to Protocarcinut (Palceinachus, Woodw.) than do existing 
members of the group. The presence of Ranina marestiana and J Votopus 
Beyrichii in the Eocene show that modern genera of the Raninidse were then 
differentiated and well established. Bittner's (3) excellent figure of the 
latter species might pass for a representation of the anterior half of the cara- 
pace of a modern Notojms. Perhaps the geological evidence proves no more 
than the antiquity of the Raninidse, but that antiquity affords support to 
the argument that they had an independent origin from the Astacura. 

If, then, they are not descended ,from a Protocarcinid-Prosoponid stock by 
way of the Dromiacea, a fortiori the Raninidse cannot be descended from 
the Dorippidse or Oyclodorippidse, which are themselves derived from the 
Dromiacea. From what has preceded it is evident that they cannot be ; 
their primitive nervous system and endophragmal skeleton is sufficient 
evidence of that. On the same reasoning, the Dorippidse cannot be descended 
from the Raninidse, for it has been shown that their ancestry is altogether 
different. So one of the families, and that the most primitive, of the 
remainder of the Oxystomata is exoluded from relationship with the 
Raninidse. What, then, of the two remaining Oxystome families, the 
Gelappidse and the Leucosiidse. They are classified with the Raninidse 
because the majority of earoinologists have found it difficult to believe that 
the Oxystome “month frame” could have been acquired independently by 
different lines of descent. But since the Dorippidse are excluded from 
relationship with the Raninidse this objection' no longer has any force. Bat 
there is room for the opinion that the Oalappidse and Leucosiidse are 
descended from the Raninidse, and I have already quoted (p. 26) de Haan’s 
positive opinion that Lyreidut is an aaaectant form with the Leucosiidse. 
There are, of course, many points of difference between the Raninidseaod 
Rm two above-named families, he aa easy though a je^byjtefk 
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to enumerate tliem, but the labour may be spared because the majority of 
them could plausibly be explained on a theory of descent with modification 
from a Raninid ancestor. This explanation could be given satisfactorily in 
.such matters as the concentration of the nervous system, the disappearance 
of the sternal canal, the broadening of the posterior thoracic sterna, and a 
large number of other characters. Bat it cannot apply in the case of 
structural features which have been profoundly altered or have disappeared 
altogether in the Raninidte but are present and exhibit normal relations in 
Calappidse and Leucosiidse. 

To take first a feature peculiar to the Run ini dw, the marked reduction in 
vertical depth of the posterior part of the branchiostegitc whereby a con* 
siderable area of the epimera of the eleventh, twelfth, and thirteenth 
segments is left uncovered. This is by no means primitive but a definite 
specialisation, and 1 have attributed it to the burrowing habits of the family. 
Thu Caluppiiuc are certainly and the Matutinaa largely sand-burrowing 
crabs, but in both the lower edges of the branchiostogite fit very closely to the 
coxa; of the pereiopods. In the Leucosiidte, which are supposed to resemble 
the Raninidte more closely than other Oxvstomes, the adaptation of the lower 
edges of the branchiostegite to the coxa; of the pereiopods is particularly 
close and elaborate. It cannot be argued that the original and more 
primitive relations of the branchiostegite to the epimera were re-established 
when the necessity for enlarged muscle-cavities for the pereiopods disap- 
peared with the assumption of new habits by the Oalappidte and Leucosiidse, 
for the muscle-cavities are very large in these families but their enlargement 
is provided for in a ve'ry different manner. In the Loucosiidse the arrange- 
ment of the elongatod abductor muscle-cavities is peculiar and interesting, 
hut there is no room to describe it in this place. 

In all the Raninidte the posterior margin of the pterygostomial region of 
the carapace is closely united to a broad offset of the tenth sternum in front 
of the cheliped. Consequently there is no inhalaut branchial orifice in 
front of the cheliped, and the epipodite'of the third inaxilliped is aborted, 
though a trace of it remains in the form of a vestigial setobranch. In the 
Caluppinse and Matutin® the pre-chelipedal inhalant aperture is conspicuous 
aud the epipodite of the third inaxilliped well developed. It cannot seriously 
be maintained that these structures have been re-acqnired in these two sand- 
burrowing sub-families. In the Leucosiid®, how ever, the posterior margin 
of the pterygostome is as intimately fused with the plastron as in the 
Raninidte, and with the disappearance of the pre-chelipedal branchial orifice 
the epipodite of ihe third inaxilliped has disappeared even more completely 
than in the Ranintd®, for there is not even a vestigial setobranch. A similar 
state of things occurs in some of the Cyclodorippid®, but need not be 
discussed here because the Dorippid® have already been excluded from 
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relationship with the Raninidse. De Hnan laid great stress on this point of 
resemblance between the Loucosiidroaml the Raninidse, but a detail exumiua- 
tion shows that the result is arrived at in a different manner in the two 
families and mast be regarded as a case of homoplasy rather than homogeny. 
In all the Raninidso the free end of the sternal plastron is formed by the 
more or less prominent lanceolate median projection of the tenth (cheli pedal) 
sternum. The ninth sternum is narrow and projects upwards at an angle 
of 130° to 135° above the lanceolate projection of the tenth sternum. The 
ooxft) of the third muxillipeds are articulated to the hinder end of the narrow 
ninth sternum, and therefore close to the median line, and they effectively 
exclude any part of the sternum from participation in the formation of the 
broad plastron (see fig. 27, ix). Further, in the Kaninidrc, the connection 
between branchiostegitc and plastron in front of the elieliped is effected by 
lateral outgrowths of the tenth sternum which meet the branchiostegal 
margin, not by any marked ingrowths of the latter. In tho Leucosikke 
(I. have studied the arrangement in Ilia nucleus , Fhily.rm umlecimspinosa , 
and Phili/ra Invis) the ninth sternum is short an tero- posteriorly, but broad 
and forms the anterior end of the plastron. The coxse of the third mnxilli- 
peds are articulated to its outer ends and are therefore far apart. The tenth 
sternum does not give off any prominent outgrowths in front of the chclipeds, 
but is united to an inwardly directed process of the edge of the branchio- 
stegite on each side, this process being the most anterior of a series of 
similar downgrowths of the branphiostegal margin which pass between the 
coxa; of the pereipods and effect the very dose and elaborate fit of branchio- 
stegitc to coxae already referred to. It may be mentioned here that 
A. Milne Edwards and Bouvier (28) have described a shallow pterygostomial 
gutter closed in below by the third maxiilipeds in Cyclodorippe. This 
gutter occupies the same position as the well-known pterygostomial inhalant 
canal of the Leucosiidae, and the similarity of the structural appointments is 
so great as to suggest the derivation of the Leucosiidae from a Cyclodorippid 
rather than from a Raninid ancestor. 

Finally some importance is to be attached to an apparently minor feature. 
In all the Oxystomatous Crabs the floor of the exhalant branchial canal is 
formed by an expanded spoon-shaped operculum furnished by the first 
maxilliped. In the Raninidse (see figs. 31, 45, 50, & 53) both the exopodite 
and endopodite are expanded and modified, and co-operate in forming the 
operculiform floor in question, but it is the exopodite which is the longest, 
most expanded, and the most effective agent in forming the operculiform 
floor of the anterior part of the exhalant canal.' This modified exopodite 
never bears a flagellum. In the Leucosiid®, the Calappinse, and the 
Maiutinse (Garstang is in error in stating that the exopoditeis operculiform 
in Matuta banfaii) it is the endopoditeof the first maxilliped that is elongated. 
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expanded, and modified to form the opercnliform floor of the exbalant canal. 
The exopodite is somewhat modified and to a varying extent in different 
genera, but it is always shorter than the endopodite, does not share in the 
formation of the operculum, on the whole retains the characteristic shape of 
an oxopoditc, and invariably bears a flagellum — I hope I may not be criticised 
for attaching undue importance to a trifling character. It is just such 
instances as this, in which the same purpose is effected, by somewhat different 
means, that afford the best criteria as to whether some particular structural 
resemblance is homogenetic or homoplastic. It was the discovery of this 
difference in the structure of the first maxillipeds that finally confirmed my 
opinion that the Raninida* are not genetically connected with the other 
Oxystomatous Orabs. My reliance on this item of evidence was somewhat 
shaken by A. Milne Edwards and Bouvier's statement that the opercular 
floor of the exbalant canals in Cymonomus is formed by the dilated exopod ites 
of the first maxilliped, but an examination of their figure (28, pi. xv. fig. ti — 
there is a mistake in the numbering of these figures — ) shows that the 
resemblance to the Itaninida? is only superficial, and the exopodite of the first 
maxilliped of Cymonomus has a long six-jointed flagellum furnished with long 
set ;e. My test, case, therefore, holds good, and the evidence produced is 
sufficient to justify Boas' doubt as to the inclusion of the itaninidse among 
the other Oxystomata, and A. Milne Edwards and Bouvier’s decision to 
exclude them from their monograph on the Oxystomata of the ‘Blake’ and 

Hassler ’ Expeditions. The lianinidm, therefore, must be removed from 
their present systematic position and assigned to some other place in classi- 
fication. They cannot be excluded from the section Brachyura for reasons 
given on p. 27, but in conformity with more recent and generally accepted 
classifications they must rank as a separate tribe, equivalent to the Dromiacea, 
Bruchygnatha, ami the rest of the Oxystomata. For this new tribe I propose 
the name Gymnopleura*, which directs attention to one of the most charac- 
teristic features of the group, namely the exposure of the epimera of the 
posterior thoracic segments. This new tribe may be defiued as follows. 

Tribe GYMNOPLEURA. 

Anterior thoracic sterna broad, posterior thoracic sterna narrow and keel- 
like ; posterior thoracic epimera largely exposed by reduction of branchio- 
stegite ; female' openings on coxae ; last pair of pereiopods dorsal in position, 

* Mr. X. R. R. Stubbing in 1 Nature/ Jany. 1922, has pointed out that Latreille (Cours 
d’Entomologie, 1831) instituted the tribe Notopterygiu for JRanina. At first sight it seemed 
advisable to adopt Latreille’s name for the tribe comprising the Haninidtc instead of my 
own. Hut the rules of nomenclature do not apply to tribal names ; Latreille’s system of 
classification differs largely from that followed in this paper and his reasons for placing 
Manina in a separate tribe differ widely from mine. Confusion rather than perspicuity 
would result from the adoption of Latreille’s tribal name. 
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normal or reduced in size ; sternal canal present ; thoracic nerre ganglion- 
chain elongate ; antennary sternnm triangular, spout-shaped ; branchiae 8 on 
each side Family : Raninidic, 

We may now deal with some features of general and special interest 
presented by the tribe Gymnoplenra. It has been shown to have originated, 
independently of other “crabs,’* from the Astacura. It is but a small 
assemblage of animals, comprising some eight or nine living genera, 
exhibiting a very small range of variation, and evidently very well adapted 
to their environment, for the tribe emerges in the Cretaceous with its special 
adaptive characters fully established, and two of the recent genera date back 
to the Eocene. But although not descended from crabs, but from lobsters, 
the Kauinidse have been so similarly modified, in one direction and another, 
that they must be classed with the crabs with which they have no relation- 
ship save that of a remote common ancestor which was not itself a crab. 
It is by no means an isolated phenomenon. We know of several crab-iike 
forms, Porcellana, Lithodes, J/ippa, and the interesting Porcellanopayurus, 
whose assumption of a crab-like Form has been described in a very lively 
manner by Borrodaiie (20), which have undoubtedly been derived, quite 
independently in each individual case, from Macrnrous ancestors. The 
question is, what causes have operated to produce so great similarities in 
animals so remotely related to one another? Without doubt, I think, the 
answer is that the efficient cause has been the assumption of the habit of 
burrowing in sand or mud. Bohil (7) has shown that various members of 
the Nephropsidea, when living on sandy bottoms, protect themselves by an 
investment of sand, and to a limited extent take cover in it. But their 
pereiopods are ill-adapted for digging ; they must retreat backwards into the 
sand to leave their antenna; and eyes free to keep watch against enemies, 
and the elongated abdomen is a great obstacle to the effective and rapid 
concealment of the posterior parts of their bodies. A suitable modification 
of the pereiopods and reduction and infolding of the obstructive abdomen 
are prerequisite io rotrofossorial efficiency, and any mutations in these 
directions must have had a high selective valfle. It is not surprising that 
favourable modifications should huve presented themselves and have been 
selected several times over, nor is. it surprising that, once the burrowing 
habit was adopted, similar adaptive modifications to the new condition of life 
should have established themselves. In the first place the Decapod, buried 
in sand or mud, must adapt its respiratory mechanism to the '•ban g ed 
conditions. The inhalant spaces extending along the posterior and ventral 
edges of the branchiostegite would be choked and rendered useless unless 
some provision against the entrance of sand were developed, and the 
researches of (rarstung and Bohn have shown by what various means this 
form of suffocation is obviated in different genera of tho sand-burrowing 
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crabs. Most commonly the edges of the branchiostegite are fitted closely to 
the epimera just above the coxse of the pereiopods and to the tergum of the 
first abdominal segment, so that no water can find ingress or egress that way. 
As a consequence the podobrunchs or arthrobranchs of the three posterior 
pereiopods disappear ; there is no longer room for them, and as the branchial 
cavity is reduced posteriorly by the great development of the muscle-cavities 
of the digging legs, the posterior pleurobranclis follow suit. The branchiae 
are reduced in number and those that remain are massed in the anterior half 
of the branchial cavity, nearest to the newly developed entrance of the 
respiratory current in front of the chelipeds. In the Raninidse, however, 
the arrangements differ from those usually observed in crabs. There is, in 
most of them, a pair of posterior respiratory orifices situated between the 
terguin of the first abdominal segment and the coxae of the last pair of 
pereipods. When the abdomen is extended or only slightly flexed, water 
can pass freely into or out of these orifices, but they are pretty effectively 
closed when the abdomen is closely flexed under the thorax. The orifices 
were accurately described and figured in Ranina by Milne Edwards, but 
many subsequent, authors, particularly Orimann (42), seem to have failed to 
recognise them, liorrodaile (14) gives an accurate account of tlieir relations. 
These posterior branchial orifices are not, however, peculiar to the Itaninida? : 
I have found them in precisely the same position in Corystes , in which genus 
they can easily he seen by bending the abdomen upwards and looking between 
the lower side of the tergum of the first abdominal segment and the coxa of 
the last pair of legs. (xurstang (30) failed to observe these apertures in 
Corystes, and I suspect, but have not yet had the opportunity of proving it 
by experiment, that they form the main entrance for water into the branchial 
chamber during the operation of the normal current. There is also a pair of 
posterior apertures in Thia polita , but these are in a somewhat different 
position, close under the edge of the branchiostegite in front and to the out- 
side of the articulation of the first abdominal segment with 'the carapace, and 
well in front of the coxae of the last pair of pereiopods. The persistence of a 
posterior branchial opening is a primitive feature, never to be seen, as far as 
my observations go, in crabs in which the abdomen is permanently flexed 
and kept closely applied to the sternal plastron. 

To return to the Raninidse : the posterior part of the branchial chamber, 
into which the posterior orifice opens, is reduced to a narrow passage by the 
reduction in vertical depth of the branchiostegite and the close adherence of 
its edge to the thoracic epimera. The edge of the branchiostegite is held in 
place by two prominences, one on the anterior edge of the eleventh, the 
other on the posterior edge of the thirteenth epimeron, and a close fit is 
ensured by a well-marked ridge running upwards and backwards along the 
eleventh, twelfth, and thirteenth epimera (figs. 7 & 17). Thus the entrance 
of water into or its egress from the branchial chamber at the sides of the 
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thorax is effectively prevented* The only entrances and exits are by way of 
the anterior so-called exhalant branchial canals and by the posterior canals 
described above. Bolm (8) has shown that reversal of the respiratory current* 
first observed in Corystes by Garstang, is a normal phenomenon among 
Decapod Crustacea, and is manifested even when they are buried in the sand. 
There must, therefore, be some apparatus in forms which, like the U&ninidm, 
have posterior branchial orifices for filtering the sand from the water entering 
by these orifices during the “ normal ” phase of the respiratory current ; 
that is when it is setting from behind forwards. In most of the Raninidse, 
notably in Ranina , Notopus , Notopoides , NoUmeles , and Zandifer, this 
apparatus is furnished, partly by the chelipeds, hut principally by the manner 
in which the flattened pereiopods, the edges of which are fringed with long 
and closely set hairs, are bent upwards and forwards in such a manner as to 
form a water-chamber on either side of the posterior thoracic segments. 
The part played by the pereiopods would never be guessed from the con- 
ventional representations of these animals in systematic works, where they 
are depicted, usually from the dorsal surface, with the legs extended sym- 
metrically on either side of the body in order to display as much as possible 
of their structure and the chelipeds extended forwards in front of the 
body. The adaptive characters of the thoracic limbs can he studied with 
equal advantage in Sotopus, Notopoides, Zandifer, Sotosceles , and Ranina, hut 
1 will take the last-named genus as an example for descriptive purposes. 

In Ranina there is a conspicuous triangular patch of short dense hairs 
extending forward from the articulation of the choliped over the postero- 
lateral area of the pterygostomial region on either side of the thorax. The 
conjoined basis und ischium of the cheliped is very short and immoveably 
fused to the merus, the two forming a relatively long curved segment of the 
limb, dilutee 1 on its external aspect hut smooth and flattened internally s 6 as 
to fit closely against the hairy patch on the pterygostome. It is evident, 
from its smooth and polished inner surface, that the ischiomerus is normally 
held close to the body and slides forwards and inwards or outwards and 
backwards over the above-mentioned hairy patch. Whatever its position, so 
long as it is pressed against the hairy patch, there is no room for the passage 
of water, much less of sand or mud, between it and the pterygostome* 
When the ischiomerus is rotated as far forward as possible, the somewhat 
inflated carpus lies beneath the outermost of the large frontal spines of 
the carapace, and the flattened propodus and doctylus are folded back 
under the anterior part of the pterygostomial region, but do not fit closely 
and accurately to the latter as in the case of Calappa and Matuta* Their 
function is quite different. It is evident that instead of forming the floor of 
what Garstang has called an exostegal canal the propodus is so articulated 
to the carpus that without either the latter or the ischiomerus being shifted 
from their positions, it can be rotated outwards in such a manner as to rake 
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sand or other material from beneath the anterior part of the carapace, the 
raking action being facilitated by the five large spines on the lower margin 
of the propodus. Thus a more or less clear water-way is kept on the under 
side of the anterior side of the thorax. 

When the ischiomerus is drawn as far back as possible, the carpus can be 
flexed inwards to form au acute angle with it, and the flattened propodus may 
then be folded back so far that its posterior margin fits into a groove in the 
ixiorus and both it und the dactylus are pressed against the basal joints of 
the third maxillipeds. In this position also the propodus can be rotated 
outwards with a raking action so as to clear away sand from beneath the 
body, without any corresponding movement of the ischiomerus and carpus. 
A close examination of the chelipeds leaves no doubt that, tlseir main function 
is to keep open a passage for water down to their basal joints. From this 
point backwards water must pass in two streams to the posterior branchial 
orifices along passages roofed in, partly by the overhanging edges of the 
branchio&tegite, partly by the forwardly directed last pair of pereiopods. 
The inner walls of these passages are formed by thcepimera of the eleventh, 
twelfth, and thirteenth segments, whicli are somewhat excavated and over- 
hung by the edge of the branch i os tegites. Their outer walls are formed by 
the first three pairs of pereiopods, winch are tucked up under the roof formed 
by the lust pereiopods, the uterus in each case being directed forwards, the 
carpus, propodus, and broad lanceolate dactylus downwards and backwards. 
The segments of the pereiopods being broad and flattened and their margins 
furnished with fringes of stiff closely set hairs, thev form a soit ot basket- 
work or sieve the meshes of which are filled in by the fringes of hairs, and the 
whole apparatus is adapted to admit to the iuterior water from which sand 
and other solid particles have been strained. The strainer is made more 
effective by the dense hairy fringes on the edges of the branchiostegite, and 
the whole apparatus is completed and roofed in posteriorly by the flattened 
segments of the abdomen, whicli are likewise provided with dense fringes of 
stiff hairs. 

Whatever may be the position of the chelipeds, there is a ventral gap on 
either side between their basal joiuls and the first pair of the pereiopods. 
This gap is partly filled by the “epaulettes'* projecting from the sterna of 
the eleventh segment ; the rest of the gap is bridged over by the stiff hairs 
projecting from all round the margins of the epaulettes and forming a very 
effective strainer. It is through these two gaps furnished with this efficient 
straining apparatus that the greater part of the respiratory current of water 
must find its way from the cavity raked out in the sand by the chelipeds 
underneath the anterior part of the thorax. 

The structure and arrangement of the pereiopods and their relations 
to the thoracic epimera and abdomen being as above described, it may be 
inferred that Ranina buries itself in the sand by the digging action of the 
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first three pairs of pereiopods, the fourth pair being used to shovel the dis- 
placed sand outwards. When dug in, the animal may be inferred to assume 
an oblique position, the frontal spines of the carapace just breaking the 
surface' of the sand ; the chelipeds are folded up under the pterygostomial 
region of the carapace and the long three-jointed eye-stalks maybe extended 
well above the sand on the look-out or, on the approach of danger, may 
be folded back and concealed in the orbital cavities. In this position the 
.normal respiratory current will bo provided for by the raking action of 
the chelipeds and the lateral water- passages enclosed between the 
pereiopods and the thoracic epimera, as described above. These afford a 
mechanism whereby filtered water is supplied to the posterior branched 
openings, and the normal exhalant current will pass out by the narrow 
anterior passage bounded below by the merus of the third maxilliped and 
laterally by the flattened basal joints of the second antennae. 

As the Haninidse are trdpical and sub-tropical crabs living at considerable 
depths it has not been possible for me to observe the habits of the living 
animals, much less to make experiments on their respiratory mechanisms. 
Bat in the absence of direct evidence I consider myself justified in giving 
the toregoing account of the course of the normal respiratoiy current, the 
more so because an examination of numerous specimens of Notopokles lotus 
and of several examples of Zanclifer (unbends in the British Museum of 
Natural History gives the clearest evidence that these species are sand 
burrowers, and that an inhalant current passes into their branchial chambers 
through the posterior branchial orifices, which are exceptionally large and 
conspicuous in these cases. In nearly all the individuals of these two species 
the conspicuous hairy fringes of the pereiopods, of the abdominal pleura, of 
the edges of the branchiostegite, and of the epaulettes of tbe eleventh sterna, 
are more or less heavily clogged with sand, a fact which bears witness to 
their function as a filtering apparatus. On the other hand, the water- 
passages lying between tbe posterior thoracic epimera and the pereiopods, 
and therefore guarded by these hairy fringes, are remarkably dean and free 
from sand. The filtration, however, has not been perfect, for the walls of 
the posterior branchial passages are encrusted with fine particles of sand, 
the distribution of which leaves no doubt that the current which deposited 
them set in from behind forwards. The evidence in these two species is 
remarkably clear, and the inferences drawn from it may bo extended to 
Notopus dorsipes and to Notoscdes dummonis, though, in the last-named 
species, in which tbe last pair of pereiopods are greatly reduced in rise, there 
is evidence that the posterior inhalant respiratory current is becoming of less 
importance and that the incurrent supply of wnter to tlie branchial ch amber 
is chiefly provided for by special modifications of the antennary region. 

In the absence of opportunities for observation of and experiment dtt living 
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animals, the exact course of the anterior inhalant respiratory current in the 
Rauinidse mast remain largely a matter of conjecture. Nevertheless I have 
not hesitated to put forward the following interpretation based upon a 
detailed study of anatomical facts in the hope that, whilst my conclusions must 
necessarily be subject to revision and correction, naturalists who have oppor- 
tunities of studying the live animals may be so far interested as to devote 
some time and trouble to the elucidation of the workings of their respiratory 
mechanisms. The anatomical characters are most easily studied in Notojms 
dorsipes, and it is probable that what is true of this species is also true of 
ltanilia muricata , M. Edw , but as 1 have only been able to examine a single 
dried example of the latter in the British Museum of Natural History, 
I cannot say anything certain about it. I have stated elsewhere (p. 26) 
that, in my opinion, ltanilia , M. Edw. = JVotopvs, de Haan. In Xolopus the 
antennae are more primitive, that is to say, they depart less from the 
Macruran pattern, than iu any other Raninidte. The peduncle (figs. 29 & 29a) 
is made up of five distinct segments of which the proximal is admedian in 
position, small, largely concealed by the sub-antennary lobe of the pterygo- 
stoiue and bears at its inner angle the' aperture of the excretory gland. The 
second segment is also small and largely concealed by the sub-antennary 
lobe : it lies on the same level as the first and is external to it. The third 
segment is large, sub-quadrangular iu outline, its extero-ventral surface 
slightly convex and tuherculated, its intero-dorsal surface smooth and slightly 
concave. Its admedian margin is prominent aud curved, forming a pro- 
jection which meets its fellow in the middle line. It bears a conspicuous 
tuft of long forwardly directed seta;. Its extero-anterior angle is produced 
into a process which embraces the proximal part of the fourth peduncular 
segment; this process is largely developed in other Itaninidse but remains 
small in Noiopu s. The fourth and fifth segments aro fairly long, their 
external and ventral surfaces granular and convex, their admedian surfaces 
smooth and flat or slightly concave. The dorsal and ventral edges of these 
smooth admedian surfaces are fringed with long closely set plumose setae 
which, when the two untenme are approximated, interlock with the corre- 
sponding setae of the antenna of the other side. The antennnry flagellum 
comprises twenty-six joints, is relatively longer .than in any other Raninidte 
(except ltanilia, M.-Edw. and Cosmonotus) and bears a dorsal and a ventral 
row of strong setae which are directed obliquely inwards so as to interlock 
with those of the opposite side when the antennary flagella are approximated. 
Thus there is formed an antennary water-tube (figs. 1 & 56), shorter indeed 
bat otherwise similar to and folly efficient as that of Corystes. Water sucked 
down the antennary tube passes into a shallow chamber lying behind the bases 
of the anteo m P ) the floor of which is formed by the meri of the third maxilli- 
peds, its roof by the spoon-shaped expanded anterior ends of the exopods of 
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the first maxillipeds. These last are concave dorsally and convex ventrally, 
and fit so closely and accurately to the converging exhalant channels of the 
antennary sternum as to constitute an efiicient horizontal partition between 
an exhalant passage above and an inhalant passage below. The inonrrent 
stream of water, taking the more ventral course, must pass right and left 
along the conduits provided by the grooves on the ventral sides of the exopods 
of the second maxillipeds ; thence under the edge of the inflated pterygostome 
into the channel which lies parallel to that in which the scaphngnathite 
works, but separated from the latter by the vertical partition formed by the 
mastigobranch of the first maxilliped. The floor of these iulialant passages 
is formed by the fiat and closely opposed meri and ischia of the third 
maxillipeds the outer edges of which fit close to the mouth frame. There is 
no “ exostegal ” groove in the pterygostome forming n definite inhalant canal 
as in the Leucosiidse, but the relation of the incurrent to the excurrent stream 
of water must otherwise be much the same in the two groups. That is to 
say, in both cases there must bo two opposite currents, the one setting 
inwards to, the other setting outwards from the antennary region of the front. 

In l>oth the Itaninidre and the Leucosiidse the excurrent stream is set in 
motion by the “ normal ” action of the scaphognathite, and passes forward 
between the converging channels of the antennary sternum and the exopods 
of the first maxillipeds to emerge betweon the basal joints of the anteunules. 
The course of the incurrout st ream in the Raninidro is as described above for 
Notopus, but it can hardly have escaped tho render's attention that the 
channels in which the opposite cu vents flow are not very distinctly separated 
from one another. In tho Leucosiidse the existence of the exostegal canals 
mukes the separation much more complete, und the respiratory mechanism is 
iu this respect more highly specialised than it is in the Raninidic. In 
this connection it should not be forgotten that the latter have additional 
apertures of ingress to the bninchiai chambers, viz., the posterior branchial 
apertures' of which there is no counterpart iu the Leucosiidse. 

It may be surmised that Notopus makes use of the posterior branchial 
apertures only when it is lightly covered by the loose upper stratum of sand, 
and can make use of the raking action of the chelipeds to clear a passage 
for water below the thorax. As it digs down into the more compact deeper 
layers of sand, this source of water-supply must become more and more 
restricted, and the antennary tube is then brought into action. It is of 
course possible and even probable that, when the antennary tube is used, 
the action of the scaphognathite is reversed and the posterior branchial 
apertures become exhalant, the frontal exhalant passages being closed and 
thrown out of action so long as the respiratory current is reversed, only to he 
brought into use again when the normal respiratory current, from behind' 
forwards, is restored. Bat the evidence is strongly in favour of toy contention 
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that in the Ran ini da; an anterior incurrent stream of water is produced by 
the “ normal” action of the scaphognathite. 

In no other member of the group (with the possible exception of Cotmo- 
notus, which I have not had the opportunity of studying sufficiently closely) 
do the flagella of the antenwe form a water-tube as in Notopus aud Manilla. 
Indeed, the antennae are modified in other directions but, none the less, are 
subservient to the establishment of an inhalant water current, the course of 
which can liest be described by taking Manina us an example. 

In this genus both the antenna; and the antcnnules are modified in con. 
nection with the respiratory currents. The antenna (figs. 35 & 35 a) is short 
and thick, the flagellum reduced to a rudiment comprising at the most seven 
joints ; often it is missing. The two basal joints of the peduncle are fused 
together, but the suture between them remains distinct. The first joint is 
triangular in outline, with the apex directed forward ; its admedian basal 
angle projects inwards and slightly forwards and the excretory aperture is 
placed somewhat to its dorsal side, in such a position that the e xcretorv 
products are discharged into the excurrent rather then into the incurrent 
stream. The two basal joints, which have a very limited movement in the 
antennary socket, lie directly in front of the sub-antennary lobe of the 
pterygostomc, but the third peduncular segment is flexed inwards to form a 
somewhat acute angle with them. The shape of the third segment can best 
be understood by reference to figs. 35 and 35 a, w hick represent external and 
admedian view's of the right antenna. The most noticeable feature is the 
great development of the external lolie. Small aud inconspicuous in Notopus, 
this lobe in Kanina forms a large sinuous ridge which projects forward as far 
as the anterior limit of the fourth segment ; its outer margin is fringed with 
long plumose setae. When the third peduncular segment is flexed towards 
the middle line, the lobe in question is brought into a position athwart the 
incomplete lower boundary of the orbital cavity’, and forms its ventral and 
internal wall, the long fringe of hairs on what is now its anterior margin 
extending upwards across the orbital cavity and interlocking with a similar 
fringe spreading downwards from the supra-orbital ridge of the front of the 
carapace. For brevity’s sake this lobe will be referred to as the crest of the 
third peduncular segment. The fourth segment is sub-triangular in section : 
its external and ventral surfaces are convex and granular, but its internal 
surface is smooth, slightly concave, and flabelliform in outline. Its margins 
are surrounded with long plumose seta; the disposition of which is shown in 
fig. 35 a. The fifth peduncular segment is small and the flagellum rudi- 
mentary or absent. When the antenna; are floxed inwards, the concave 
flabelliform surfaces of the fourth segments are brought nearly into contact 
In the middle line; their marginal setse interlock, and thus a narrow but deep 
space is enokmed which is continued posteriorly into the wider space bounded 
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laterally by the smooth and somewhat concave inner surfaces of the third 
peduncular segment; ventrally by the meri of the third maxillipeds; dorsally 
by the densely setose expods of the first maxillipeds. This may be called the 
inhalant chamber. 

The antennnles are inserted to the inside of and somewhat above the 
antennse. As shown in figs. 34 and 34 a, their basal joints, are expanded 
distally into a flabelliform lobe very similar to that of the fourth peduncular 
segment of the antennse and, like the latter, their margins are garnished 
with a fringe of long setse. The slightly concave inner surfaces of these 
flabelliform expansions of the antennnles, when opposed in the middle line, 
form a second vertical cleft or passage within the larger passage formed by 
the antennas, and this internal and somewhat dorsal antennulary passage is 
so disposed that its hinder opening coincides with the spout formed by tho 
convergence of the exlmlant canals of the anlennary sternnm. The cleft 
between the basal joints of the antennnles therefore serves as a conduit for 
the excurrent stream of water. Thus far the apparatus for directing the 
courses of the excurrent and incurrent respiratory streams differs from that 
of Notopus chiefly in the fact that in Ranina the long tube formed by the 
antennary flagella is absent, but in the latter genus a large pnrt of the 
incurrent stream must find its way into the above-mentioned inhalant 
chamber through the orbital cavities. I have already shown how these 
narrow and elongated cavities are covered in by fringes of setse which meet 
over the retracted eyes and eye-stalks but are pushed aside when the latter 
are extended. Though the orbit 'appears to be closed below by the crest of 
the third segment of the antennary peduncle, a sufficiently wide space is left 
between this segment and tho basal joint of the antennule to allow of the 
free passage of water from the orbit into the inhalant chamber, and much of 
the inhalant current must pass through the orbits. It is evideut that when 
the animal is deeply dug in, the broad front of the carapace just breaks the 
surfaee of the sand ; the tips of the largest frontal spines perhaps project 
very slightly above it. The hairy fringes of the orbits and of the fourth 
joints of the antennse are then just awash between sand and water, and are 
admirably adapted for filtering solid particles from the streams setting 
inwards tbrough the orbits and between the flabelliform fourth segments of 
the antennse. Water is also admitted into the orbits on either side through 
a considerable cleft lying between the long and narrow sub-orbital lobe of 
the pterygostome and the innermost of the large frontal spines. These clefts 
are guarded by dense , hairy fringes. The arrangements by which the 
incurrent stream is directed from the inhalant chamber into the b ranchial 
chamber by the channel formed by the exopod of the second maxillipe d are 
the same in Ranina as in Kotoput. 

I would not have presumed to give an account unsupported by direct 
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observation and experiment of such complicated functions as those dealt >vith 
in the foregoing paragraphs if there were not very clear evidence that such 
an anterior inhalant current as I have described does in fact exist. One 
such piece of evidence is afforded by the matted feltwork of hairs covering 
the ventral surfaces of the expanded anterior extremities of the exopods of 
the first maxillipeds. These hairs lie flat and point backwards : they are as 
evidently laid back by a current of water passing over them as the sea-grass 
on the mud-banks of an estuary is laid back by the tide that has swept over 
it. Again, in most examples of Banina a considerable amount of sand is 
entangled in the setae with which both the exopods and endopods of the 
second maxillipeds are abundantly furnished. This gives evidence that these 
appendages are bathed by a current of water not wholly freed from sand- 
particles by the filtering apparatus of the orbits and antennae. But perhaps 
the clearest evidence of all was furnished by the large Banina sent me by 
Prof. Kishinoye. In this specimen the inner surfaces of the third pedun- 
cular segments of the antennae, the ventral surfaces of the exopods of the 
first and second maxillipeds, the inner surfaces of the mastigobranchs of the 
first maxillipeds, the proximal part of the mastigobranchs of the second 
maxillipeds, and the bases of the podobranchs of the second and third maxilli- 
peds were infested by numerous small pedunculate cirrhipedes belonging 
to some as yet undetermined genus and species of the family Lepadida*. 
In other words, these intruders had established themselves along what I 
have described as the course of the incurrent respiratory stream, blit none 
were to be found in the upper part of the gill-chamber, nor on the scapho- 
gnathite, nor on any part of the walls of the exhalant canals. It is evident 
that their larvae had been swept by the incurrent stream into the inhalant 
chamber, and had subsequently fixed themselves in positions where the adults 
could obtain a constant supply of nourishment borne by the incoming current. 
But, where the currents were setting outwards, conditions were unfavour- 
able and none had established themselves. 

From what precedes, it follows that Banina, no less than Xotopus, is highly 
adaptable in respect of its respiratory arrangements, and can make use 
of different mechanisms as the circumstances of the moment may require. 
When half buried in loose sand or when wandering on the surface these 
animals probably respire through the apertures at the posterior end of the 
thorax. When deeply buried in compact sand they are forced to rely on the 
antennary apparatus. In point of efficiency and specialisation their 
respiratory mechanisms fall far short of those exhibited by other “ Oxysto- 
matous” crabs, the Leucosiid®, the Oalappinse, and the Matutime, but 
adaptability to varying conditions implies a high survival value, and it is to 
be remarked that Notopus and Ranina are among the oldest of the fossil 
Raninidse. 

UNIT. J OURN.— ZOOLOGY, V0L. XXXV. 
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Among other genera, Zanclifer and Notopoides , though their antennary 
flagella are not so much reduced, are in all essential respects so similar to 
Ranina that it can hardly be doubted that they have similar habits and are 
equally adaptable as regards their respiratory processes. Zanclifer differs 
from all other Baninidse in having normal, u e, not feathered and differenti- 
ated, chelipeds, and it may be that it is more nearly related to the ancestral 
form than Notopus . It has all the external characteristics of a burrowing 
crab. Notopoides^ on the other hand, is much more closely related to 
Notopus, from which it differs mainly in the elongation of the twelfth 
sternum, whereby the second, third, ai d fourth pereiopods are shifted back- 
wards and form a posterior group of legs, separated by a space from the first 
pereiopods : this feature is exhibited to a more marked degree in Notosceles 
(fig. 3) and is carried to an extreme in Raninoides (fig. 6). In each genus 
the increase in length of the twelfth sternum is correlated with a reduction 
in size of the last pair of pereiopods, a progressive narrowing of the abdomen, 
a reduction in the size and functional importance of the posterior branchial 
orifices, and progressive modifications of the second and third pereiopods 
indicative of their increasing use as swimming organs. A comparison of the 
series Ranina , Notopus , Notopoides , Notosceles , Raninoides , leads me to the 
conclusion that, whilst all of them are to a greater or less extent saml- 
burrowers, the first-named during its periods of activity progresses mainly 
by crawling and is a poor swimmer. Notopus and Notopoides crawl and 
swim ; Notosceles is a fairly efficient and Raninoides a very efficient 
swimmer. This conclusion I wiH now endeavour to justify. 

Notopoides is obviously a burrowing crab ; the sandy condition of the 
specimens in the Natural History Museum bears testimony to this habit. 
In most of the structural features subservient to the respiratory processes 
Notopoides bears a strong resemblance to Notopus. Attention may be 
directed specially to the following points : the last pair of pereiopods are not 
much reduced in size and all their joints are densely fringed with hairs ; the 
tergum of the first abdominal somite is as broad as the posterior margin of 
the carapace ; the posterior branchial orifices are patent and give evidence 
of their function as inhalant passages ; the exposed portions of the epimera 
of the eleventh, twelfth, and thirteenth somites are concave and overhung by 
the edge of the branchiostegite ; the chelipeds are adapted for raking sand 
from under the thorax. In short, all the adaptations described in Notopus 
and Ranina for maintaining a respiratory current through the posterior 
respiratory orifices are present to an equal degree in Notopoides . This 
genus must be equally addicted to the burrowing habit, but the articulations 
and characters of its last three pairs of pereiopods suggest that, when active, 
it is to some considerable extent a swimmer. 

In Notosceles the adaptations for maintaining a posterior inhalant 
respiratory current are still recognizable, but are obviously less efficient. 
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The last pair of pereiopods, though much reduced in size, is sufficiently 
liberally provided with hairy fringes to form an effective covering for the 
roof of the water-chambers enclosed between the other peroiopods and the 
thoracic flanks. The opimera forming these flanks, however, are not so 
deeply concave as in Notopoides> and the posterior branchial orifices, though 
distinct enough, are smaller and obviously of less functional importance. 
The dactylus of the last pair of peroiopods is small, elliptical, and clearly 
better adapted for natation than for digging. 

Before entering into a discussion of the transition from digging to 
swimming limbs it should be premised that in the peroiopods of all the 
Uaniuidte the articulation of the dactylus to the propod us is singularly like 
that of the tarsi of the whirligig-beetle Gyrinus, familiar to all naturalists 
from the illuminating description of Miall. Generally, in the Raninidie, the 
carpus is moderately long, triangular in shape, with an extensive basal 
articulation for the propodus. The propodus is a short and broad oblong, 
more or less flattened, with a very small articulation for the dactylus close 
behind its postero-external angle. The dactylus is very variable in shape. 
Generally in the first two pereiopods it is lanceolate and obviously efficient 
in digging, but in the last two pereiopods something between crescentic and 
cleaver-shaped like an oriental “ kukri.” In either case it is so articulated 
by a narrow pedicle to one end of the oblong propodus that it can be slid 
behind the latter as the sticks of a lady’s fan slide over one another. A 
very similar form of limb with yet more elaborate adaptive details is seen in 
Matuta which, like the Raninidze, is at once a swimming and a burrowing 
crab. It is presumed that the lanceolate form of dactylus is more useful as 
a pick, the kukri-shaped dactylus as a shovel, but the latter may be service- 
able in swimming, just as a shovel may on emergency be used as a paddle. 
In Zanclifer the dactyli of all the pereiopods are narrow and sickle-shaped ; 
they seem ill adapted for swimming but effective instruments for digging. 
The criterion for deciding whether a limb is' utilised for swimming or for 
digging consists in the length and mobility of its joints. The short strong 
limbs of Jtanina showing restricted mobility at the joints are clearly fossorial 
and ill adapted for natation : the somewhat longer and more mobile limbs of 
Not&pus and Notopoides afe, however, serviceable for both purposes*. In 
Notosceles (figs. 2 & 3) the dactylus of the second pereiopods is sickle-shaped 
as in Zanclifer , and it may be inferred that this pair of limbs is specialised 
for digging, but it can hardly be doubted that the broad kukri-shaped 
dactylus of the third pair, hinged fanwise to the outer angle of the trans- 
versely elongated propodus and provided with a marginal fringe of long setae, 
is specially adapted for swimming. The reduced fourth pereiopods of this 
genus, with their small fiat elliptical dactyli, con hardly be of any value in 
digging and are rather suggestive of steering paddles. 
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Though Notosceles is in several respects intermediate between Notopoidet 
and Haninmdes, the last-named genus (tigs. 5 & 6) has many distinctive 
features, most of which may be explained as adaptations to a swimming 
habit. The carapace is elongated, and its flanks taper so evenly posteriorly 
that it may fairly be described as boat-shaped. The flrst abdominal tergum 
is notably narrower than the posterior margin of the carapace, and the whole 
abdomen is narrow and more distinctly flexed under the thorax than is usual 
in Baninidae. On the ventral surface there is a broad and long flat plastron 
in the formation of which the eleventh and twelfth sterna take an even larger 
share than the tenth (fig. 6). The twelfth sternum is of considerable length 
antero-posteriorly and is also broad and nearly flat. The articular cavities 
of the second pair of pereiopods arc placed at its hinder border and face 
backwards. The thirteenth sternum being very short, the articular cavities 
of the third pereiopods are close to those of the second, and the two pairs of 
limbs, whilst closely contiguous to one another, are separated by the whole 
length of the twelfth sternum from the flrst pereiopods. The last pair of 
pereiopods are so reduced and slender that they are usually described as fili- 
form ; they terminate in minute pointed dactyli. The reduction of the last 
pair of legs and the narrowing of the base of the abdomen seems to be cor- 
related with the suppression of the posterior branchial orifices ; at any rate, 
1 can find no trace of these orifices in lianinoidet. Nor could they l>e of 
much service if present, for the external water conduits which in other 
forms admit of a flow of filtered water to these orifices are here wanting. 
Though the eleventh, twelfth, and thirteenth thoracic epimera are as much 
exposed to the surface in lianinoidet as in other Raninidsc, they are not con- 
cave and are scarcely overhung by the edge of the branchiostegite. The 
epimeron of (he eleventh somite is relatively small, and so far from being 
concave that it is slightly convex. The epimera of the twelfth and thirteenth 
somites are obliquely grooved, and into these grooves the meri of the second 
and third pereiopods, when bent forwards and pressed against the sides 
of the body, fit so closely that no, water can pass between. The flrst 
pair of pereiopods are slender, and when at rest are directed forwards, 
their large cordate dactyli being pressed against the bases of the cheli- 
peds. Their function is obscure, but probably' they are used for digging. 
The characters of the second and third pereiopods are clearly shown in 
fig. 6. In these limbs the coxa and basis are directed backwards : the short 
ischium is nearly transverse to the long axis of the body : the merus is long 
and slender : the carpus normal, but it is to be observed that both it and the 
merus are scantily furnished with short hairs. The propodus and dactylus 
are flat- and greatly expanded and the “ fan-hinge” between them 
is a noticeable feature. A fringe of long stiff hairs is borne on the 
hind edge of the propodus and on the inner margin of the dactylus. The 
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efficiency as organs of natation of these broad blades borne at the end of 
slender and very mobile limbs is apparent. Evidently lianinoides is a 
strong swimmer and a poor digger, and us such stands at the end of 
the series opposite from Kanina. As the posterior branchial orifices an* 
absent, one might expect to find special arrangements for an incurrent 
respiraton stream in the frontal region, hut, though I ha\c looked carefully 
for such, T have been quite unsuccessful. However, I will deal with 
this question further on. 

Lyrtidm f (fig. 4) exhibits so many lesomhlances to Kaninoides that one 
can hardly doubt that the two are closely related, jet, as I shall show, they 
are clearly adapted to different conditions of life. Jn Lyreidm s the abdomen 
is narrow ; its first three segments lie nearly in a straight line with the 
carapace, hut the fourth is of peculiar shape, heais a strong median dorsal 
spine, and constitutes as if were the knuckle of a sharp ventral flexure. The 
sixth ah lominal segment is long and narrow : its posterior angles are pro- 
duced into small aliform processes which at first sight might he mistaken 
for vestigial uropods, but they are only processes of the tergum having on 
theii ventral surfaces small concavities which, when the abdomen is flexed to 
it* fullest extent, engage with small knobs on the two pterygoid process 
extending backwards from the twelfth sternum. No such apparatus for 
locking the flexed abdomen to the sternum is seen in any other Kaninid. 
The last pair of pereiopoda are so slender that, like those of Haninoidei s, they 
may be described as filiform: ilicv terminate m small flattened elliptical 
dactvli. ('oi related with the reduction of the abdomen and of the last pair 
of pereiopods is the absence of posterior branchial orifices. I have studied 
this point eaiefully and am certain that these oiifioes are non-existent in 
]j. tridental us, nor could I find any trace of them in the large specimen of 
h. channeii in the Natural Ilistorv Museum. As there are no posterior 
respiratory orifices the water conduits of the flanks are, as might he expecteil, 
absent. The opimera of the posterior thoracic somites arc nearlj flat ami 
the edge of the hranchiosfogito is hut slightly prominent and bare of seta*. 
In the frontal and oral regions there are also many points of resemblance. 
Though the “front” is truncated and scarcely narrower than the broadest 
part of the carapace in Kaninoides, the distance betyveen the exfcia-orbital 
spines and the lateral spines shows that this region has undergone elongation. 
Further examination shows that it is the antennary somite that has been 
lengthened, for the antennary sternum, which hu* more or less the shape of an 
equilateral triangle in JSotopus and Sotosceles, is an isosceles triangle in 
Kaninoides . In Lyreidus the elongation of the antennarj r somite is carried 
to an extreme, and the front being narrowed, the fore part of the carapace is 
produced into the snout characteristic of the genus, the lateral spines being 
situated far behind the orbits. As I shall show further on, the details of the 
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antennules and antennae are extraordinarily similar in Raninoides and 
Lyreidus (figs. 36-39) ; so also are details in the first and second and even in 
.the third maxillipeds. In all these things the relationship seems very close, 
but in other respects the two forms are divergent. In Lyreidus the eleventh 
sternum is large but narrowed between the ariiculations of the first peroio- 
pods and produced backwards into two small pterygoid processes which 
form the sides of a hollow in which the last segment of the abdomen can be 
lodged, as described above. Owing to the presence of these pterygoid 
processes the twelfth sternum appears to be deeply fitted, but it is really 
short, narrow, and flat, in this differing much from Raninoides . The thirteenth 
sternum being also short the cox® of the first three pairs of perciopods are 
close together, and in this respect Lyreidus resembles Notopus rather than 
Notopoides , Notosceles , or Raninoides . In the first and second pereiopods of 
Lyreidus the ischiomerus is long, slender, and scantily fringed with hairs ; 
the carpus rather short ; the propodus nearly twice as long as it is broad ; 
the dactylus elongate and almost styliform, with a strong external ridge. In 
the third perciopods the propodus is about as broad as it is long and the 
dactylus cultriform. These are clearly digging and walking legs, and one 
may conclude that the descendants of a form in which reduction of the 
abdomen and last pair of legs led to the suppression of the posterior branchial 
orifices, diverged as they adopted a more exclusively swimming habit into 
Raninoides, as they became more exclusively burrowers into Lyreidus . 
Lyreidus must bury itself deeply, with the tip of its narrow elongated snout 
just breaking the surface of the sand. Having no posterior branchial orifices 
it must be dependent on an inhalant current setting in somewhere in the 
region of the snout. One would expect some specialised inhalant apparatus, 
but there is very little evidence of such. Indeed, it is a singular thing that 
Banina, Notopus , and Notosceles , all of which have well-developed posterior 
branchial orifices, have in addition much more specialised orbital and anten- 
nary arrangements for directing the flow of an incurrent respiratory stream 
than have Rattinoides and Lyreidus , in which posterior respiratory orifices are 
absent. In Notosceles the antennary structure is not very different from 
that of Ranina. The flagellum is longer (figs. 41 & 41a), but the thick 
shortened segments of the peduncle, the fiabell&te shape of the fourth joint 
with its fringe of plumose hairs, the greatly developed crest of the third 
joint also fringed with hairs, are very similar. So also is the flabellate shape 
of the basal joint of the antennules. Fig. 57 is a frontal view of the “face” 
of Notosceles showing the antenme as nearly as I can draw them in their 
natural position. In the centre, below the rostrfim,is the narrow exhalant 
passage bounded by the basal joints of the antennules. The orbits are closed 
below by the crests of third segments of the antennary peduncles, and the 
spaces below are filled in by the proximal segments of the antennse which in 
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their turn are overlapped by the broad anterior margins of the ineri of the 
third maxillipeds. The left antenna is closed nearly as far as it will go 
against the autennnle, and this is the more normal position: that of the right 
side (the spectator’s left) has been pulled outwards to show the passage 
between the third and fourth joints of the antennary peduncle and the basal 
joint of the anteunules. Through this passage water can pass from the 
orbits to the inhalant chamber covered in below by the meri of the third 
maxillipeds. The arrangements are very much the same as in Ranina though 
‘somewhat less highly specialised. In Raninoides (figs. 36 & 37) and Lyreidus 
(figs. 38 & 39) the basal joints of both antennulcs and antennae are longer 
and more slender, and to that extent more primitive than in JS 7 otosceles and 
Ranina . In the antcnnules the admediau surfaces of the basal joints of the 
anteunules are expanded and somewhat concave, so that when opposed they 
form a conduit for the exhalant current. The third segment of the anten- 
nurv peduncle is long ; a good deal longer in Lyreidns than in Raninoides . 
The crest is prominent but narrow, and extends nearly as far forward as the 
end of die fourth segment. The proportions differ slightly in the two species, 
but the general character is the same. The nature and distribution of the 
hairy fringes are clearly shown in the drawings. The relative positions of 
the anlennules and antenme are shown in fig. 58 for Raninoides : they are 
hardly different in Lyreidns. It will be observed that the “spout*’ of the 
antennary sternum is produced to open well forward between the basal joints 
of the antcnnules : it hardly extends as far forward in Lyreidns. In both 
genera, but to a greater extent in Lyreidns than in Raninoides , the third 
peduncular segment of the antenna is overlapped by the tip of the elongated 
inerus of the third maxillipeds, and the portion not overlapped is covered by 
a tuft of long hairs projecting forward from the tip of the morns. The inner 
faces of the third peduncular segments of the antenna' and their crests are so 
shaped that when bent inwards they fit very exactly to the outer surfaces of 
the basal joints of the anteunules, and when in this position completely bar 
the pussage of water from the orbits to the inhalaut chamber above the third 
maxillipeds. But when the antennae diverge slightly outwards a clear 
passage is left between the anteunules and the auteunm, and the intrusion of 
sand is guarded against by the overlapping bristles of both. Through this* 
passage, I think, the inhalant current must pass when the scaphognathite is 
working normally, and through it the excurrent stream must flow when the 
action of the scaphognathite is reversed. But the subject is very obscure, 
and I am hy no means content with this explanation. I give it for what it is 
worth in the hope that some favourably placed naturalist may read it, find 
fault with it, and straightway proceed to make observations and experiments 
on the living animals. The results cannot fail to be of interest. 1 feel 
certain only of this, that there is an inhalant ourreut between the third and 
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the second and first maxillipeds. It is to direct this current under the edge 
of the mouth frame into the branchial chamber that the exopod of the second 
maxilliped is elongated and modified by being channelled along its ventral 
surface. The modification is carried furthest in JVotosceles (fig. 44) and 
Iianina (fig. 42), two forms in which the accessory antennary modifications 
are highly developed, and in these the exopod has lost its flagellum. But in 
JYotopus , in which genus the antennae are most highly specialised for respira- 
tory purposes, the exopod in question (fig. 32) retains a large flagellum, 
and the flagellum is present but small in Lyreidus (fig. 52) and lianinoides 
(fig. 49). This may seem a trivial character, but it gains importance when 
comparison is made with the same appendage in the Leucosiid&. In Philyra 
lands for example (fig. 54) the exopod of the second maxilliped is of simple 
shape, shorter than the endopod and convex ventrallv. In this species, as in 
all the Leucosiidse, there is a definite exostegal canal covered in below by the 
exopod of the maxilliped.: the second maxilliped, therefore, does not lie in 
the course of the incurrent stream and is not modified. 1 have already 
(p. 54) called attention to the difference between the first maxillipeds of 
the Uaninidm and those of other Oxystomatous crabs. Indeed, as I have 
already indicated when dealing with the endophragmal skeleton, the anterior 
thoracic sterna, and other structures, the Ijeucosiidai differ in a hundred ways 
from the Kaninidse, and T regard the comparison with Lyreidus as wholly 
illusory. The exostegal canal of the Leucosiidaj is most probably derived 
from the shallow groove in the pterygostome occupying the same position 
iu Cyclodorippe . It would be * interesting and not wholly irrelevant to 
attempt to trace out the various lines of descent in the families of Oxysto- 
mata other than the lianinidie, and I have collected much evidence on this 
subject based on a study of the endophragmal skeleton and other anatomical 
features not taken into account by M. Edwards and Bouvier. But it would 
almost double the length of this memoir if I were to make the attempt. 
I have already written enough, and have, I hope, proved my main thesis that 
the Raniuidre cannot have descended, by way of the DorippidaB and the 
Dromiacea, from the Macrura. They have originated independently from 
the lust named, and must therefore be separated from other Oxystomes as a 
separate tribe Gymnopleura. I have endeavoured to show that the numerous 
brachyuran features exhibited by this tribe must be explained by their having 
adopted the same habits as other crabs, and that such modifications as the 
reduction of the abdomen ; the loss of the uropods ; the adherence of the 
branchiostegitc to the thoracic epimera (exhibited, however, in a quite 
peculiar manfier iu the Gymnopleura) ; the expansion of the ischium and 
morus of the third niaiiiNipeds ; the broadening of the front, with which 
is correlated the formation of orbital cavities and the reduction of the 
rostrum ; the great development of the muscle-cavities of the thorax, — are all 
characters of high survival value in decapods which have acquired the habit 
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of burrowing in the sand for protection and concealment. A decapod 
crustacean which habitually passes a large part of its existence buried in the 
sand, must undergo a considerable modification of its respiratory arrange- 
ments, and I have attempted to give an intelligible account of these modifi- 
cations in the various members of the Gvmnopleiira. In the end they lead, 
as is natural enough, to the. suppression of the inhalant current at the hind 
end of the thorax and to the substitution of inhalant currents in the antennary 
region. I have said, in the earlier part of this memoir, that the Gymnopleura 
are crabs by definition. They retain so many Macruran features that they 
cannot be said to be crabs by ancestry, and there is one small Macruran 
feature which 1 have omitted to mention before because I only recognised it 
when the greater part of this paper was written. The statocyst, usually 
closed in the Brachyura, is open in the Gymnopleura. Certainly so in Kanina, 
Rotosreles, and Lyreidus , but 1 have not been able to satisfy myself of tho 
existence of the aperture in all the species examined because the antennules 
are very small anti I have not been able to cut sections. The position of the 
aperture of the statocyst is clearly shown in fig. 34 for Kanina . 

I must conclude with a description and definition of the new genus and 
species Rotosceles < himmonis. 

There can be little doubt that Kant nobles serratifrons of Henderson (36) 
belongs to the genus JYotosreles and not to Raninoides , but his species, 
from Ceylon, is different to mine. He mentions another example of 
serrati/rons from llolothuria Bank, N.W. Australia, as being in the collec- 
tions of the British Museum of Natural History, but I was unable to find 
it there. There are considerable differences between Sotoseeles and 
Raninoides , many of which have been referred to in the course of this 
paper. 


Notosceles, nov. gen. 

Carapace ovate, convex from side to side, minutely punctate or smooth 
for the most part but granular towards the frontal region; fronto-orbital 
border little more than half as wide as the broadest part of the carapace; the 
frontal region marked off by a slight transverse ridge joining the bases of 
the extra-orbital spines ; the rostrum pointed, fairly prominent with two 
flat lateral and basal teeth. Ocular peduncles rather short, their terminal 
joints inflated, their corneas of moderate size. Antennal peduncle sk and 
broad, the flagellum small. Merus of the third maxilliped little more than 
half as long as the ischium. The second and third sternal elements of the 
sternal shield (sterna xi & xii) broad and convex in front, but narrowed 
posteriorly so that the bases of the first as well as the second pereiopods are 
approximated to the middle line. Last pair of pereiopods reduced in size, 
situated above and in front of the penultimate pair, their ductyli small, oval. 
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and flattened. First abdominal tergum not much narrower than the posterior 
margin of the carapace, about equal in breadth to the second tergum, the 
remaining terga progressively narrower ; the tclson small and triangular. 

Notosceles ohimmonis, n. sp. (PI. 4. figs. 2 & 3.) 

Carapace minutely punctate to smooth over the greater part of its surface, 
but granular towards the frontal region : proportion of length to breadth of 
carapace about 5 : 3. The frontal region is marked off by a distinct trans- 
verse ridge joining the bases of the extra-orbital spines. The median froutal 
region is fairly broad and produced anteriorly into a median pointed rostral 
spine at either side of the base of which is a triangular flattened and some- 
what upturned spine, the*inargins of all three spines minutely serrated. On 
either side a fissure separates the median frontal projection from a short 
triangular tooth or spine, and outside the latter is a prominent incurved 
extra-orbital spine. A single lateral spine occurs on either side of the cara- 
pace a short distance behind the extra-orbital spine, and nearly of the same 
size as the latter. On the upper surface a slight earina runs from the 
median rostral spine to the transverse granular ridge separating the l'ronto- 
orbital region from the rest of the carapace. In the chelipeds the anterior 
edge of the ischium is serrated ; the nierus largely dilated externally at its 
base ; the carpus granular above and without a distal spine ; the propodus 
bears two subequal spines on its lower margin, and on its upper surface are 
two parallel ridges separated by a narrow groove ; the immobile claw bears 
four denticles on its inner margin, in the third maxillipeds the relative 
length of the inorus to the ischium is as 6 : 10 ; the lower surface of the 
nierus is granular and hairy. The pterygostomial regions are hairy. In the 
sternal region the chelipedal sternum is of the shape characteristic of 
the lianinidse, the following sternal element flat, broad in front and narrow 
posteriorly ; the third element of the sternal plastron triangular, convex, the 
apex of the triangle anterior. The articular cauties of the first and second 
pereiopods approximated to the middle line. The first abdominal tergum is 
flat and quadrangular, not much narrower than the posterior margin of the 
carapace; the second abdominal tergum is nearly equal to it in width; the 
remaining abdominal terga narrow rapidly and the telson is small and sub- 
triangular in shape. 

Two specimens from the Sulu Sea, both males. Length of the larger 
specimen with the abdomen fully extended 28 mm.: length of carapace 
20 mm. : greatest width of carapace 13 mm. 

The species is named after Captain Ohimmo, R.N., of H.M.S. 4 Nassau,’ 
whose collections from the Sulu Sea were presented to the Oxford University 
Museum in 1872. 

I am of the opinion that Raninoides serratifrom, Henderson (36) should 
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be placed in the genus Notosceles , which differs from Raninoides in the pro- 
portions of the carapace, the shape of the rostrum, the lesser width of the 
fronto-orbital region, the larger corneas of the eyes, the proportions of 
the joiuts of the antennal peduncles, and in other characters, hut especially 
in the relatively much greater width of the base of the abdomen, and the 
proportions and shape of the sternal shield. 
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EXPLANATION OF PLATES 4-7. 

Lettering. 

A i. Antennules. A u . Antennas, abr. arthrobranch. ad. apodeme. aph. arthro- 
phragm. at. antennal respiratory tube, bit. branchiostegite. cr . crest of antenna, edpl. 
endopleurite. edit, endoaternite. en.p, endopodite. Bp. Epimeron. ep.ad. epimeral 
apodeme. epl. epaulette of the tenth sternum, e.v. excretory pore. exp. *exopodite. 
g. ganglia of nerve chain, lb, labrum. mbr. mastigobranch. md. mandible, oc, ocular 
peduncle. oc,t . tergum of the ocular segment m. oesophagus. P. Pereiopods. pbr, podo- 
branch. pyt. pterygostome. plbr, pleurobranch* R. Rostrum, abr. rudimentary setobranch 
of the third maxilliped. scy. aperture of statocyst. apd. strophidium. *png. strophingium. 
st.a. sternal artery, stx. sternal canal. 

The roman numerals refer to segmental structures, sterna, epimera, ganglia, etc. 
Intersegmeutal structures are indicated thus ix/x. 
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Plate 4. 

Fig. 1. Ventral view of Notopus dorsipes, de II a an. The chelipeds have been turned 
outwards and the pereiopods are extended to show their structure as far as 
possible. 

Fig. 2. Dorsal view of JY otosceles chimmonis , nov. gen. et sp. The chelipeds and pereiopods 
have been extended as in tig. 1. 

Fig. 8. Ventral view of Notosceles chimnumis. 

Fig. 4. Ventral view of Lyreidus trident at us, de llaan. Note the elongated digging dactyli 
of the first and second pereiopods. 

Fig. 5. Dorsal view of Raninoides personatus , White MS., Henderson. The first and third 
pereiopods of the left side are missing. 

Fig. 6. Ventral view of the same specimen as fig. 5. Note the large Bize of the sternal 
plastron, due to the great enlargement of sternum xii and the adaptation of tho 
second and third pereiopods for swimming. 

Fig. 7. Left side view of Notopus dorsipes . The first three pairs of pereiopods have been 
pulled downwards to show the large extent of epiniera xi and xii left uncovered 
by the edge of the branchiostegite. # 

Fig. 8. Central nervous system of Ranina dentata. i. ocular, ii. ant ennui ary, iit. autennary 
nerves; iv. mandibular nerves; v-ix. nerves to maxillae and maxillipeds issuing 
from the subcesophageal ganglion ; x. ganglion of cheliped ; xi-xiv. ganglia of 
the four posterior thoracic segments; xv-xx. ganglia of the abbreviated 
abdominal nerve chain, st.a. aperture for passage of the sternal artery. 

Fig. 9. Right half of the endophragmal skeleton of Ranina dentata as seen from within 
after division into two halves by a sagittal cut. The more anterior thoracic 
somites are omitted. The thoracic portion of the central nervous system is 
shown in situ. Note the great depth of the sagittal apodemes of sterna xii, xiii, 
and xiv. ^.11 gAA, the four posterior thoracic ganglia. 

Fig. 10. Central nervous system of Lyreidus trident atm . Lettering as in fig. 8. 

Fig. 11. A drawing from the left side of the eleventh and twelfth segments of the common 
lobster to show the relations of the endophragmal to the exoskeleton, xi and 
xii. sterna of the* eleventh and twelfth segments. The preparation has been 
slightly tilted to the right to show the endopleurites edpl., consequently the 
epimera Ep. xi and Ep. xii Are foreshortened. 

Fig. 12. A left side view of the thoracic skeleton o i Dromia vulgaris. The ventro-lateral 
projections of the sterna have been omitted, and the preparation is slightly tilted 
over to the right, xi- xiv. the four posterior thoracic sterna. 

Plate 5. 

Fig. 13. A posterior view of the thoracic skeleton of the common lobster, shewing the large 
size of the penultimate and the structure of the last thoracic sternum. 

Fig. 14. A posterior view of the thoracic skeleton of Ranina dentata , illustrating the shape 
of the last three thoracic sterna and the formation of the sella turcica posterior. 
sg*a. sagittal apodemes. 

Fig. 13. A similar view of the thoracic skeleton of Dromia vulgaris. In the abseuce o! 

sagittal apodemes in the posterior thoracic sterna the arthrophragms xiv/xv 
do not meet in the middle line, and there is no sella turcica. 

Fig. 16. The endophragmal skeleton of Notopus dorsipes as seen from above after removal 
of the upper parts of the epimera. 0, 7, 8, the articular catties of the 
second maxilla and first and second maxillipeds. The endosternites edst. and 
endopleurites edpL are clearly shown. 



78 


DR. G. C. BOURNE ON THE RANINIDJB : 


Fig. 17. Thoracic skeleton of Nat opus dor sips* seen from the left side, illustrating the great 
depth of the epimera and the oblique raised ridge on the 11th, 13th, and 13th 
epimera, against which the lower margin of the branchiostegite fits : ix f x, the 
ninth and tenth sterna ; vi/vii to ix/x. intersegmental arthrophragms. 

Fig. 16. Frontal view of the thoracic skeleton of Notopus dor sipes. The articular socket of 
the second maxilla of the left side is omitted. 

Fig. 19. The antennary region of Nephrops norveyicus . The rostrum is cut short and the eyes, 
antennules, and antennas are removed from their sockets, i. The membranous 
ocular sternum ; ii. the antennulary sternum ; iii. ihe antennary sternum ; iv. the 
mandibular sternum; ii/iii. the arthrophragni between the antennulary and 
antennary fossee. .r. sclerite identified as the mandibular epimeron. 

Fig. 20. Side view of the ocular and the antennary regions of Nephrops norveyicus . The 
rostrum is cut short And the antennules and antennre are removed. *oc.t. sclerite 
representing the tergum of the ocular segment ; i. the sternum of the ocular 
segment : the epimera of this segment are membranous. 

Fig. 21. Antennary region and buccal frame of JEthusina yracilipes, Miers. JSp. iv. epimeron 
of the mandibular segment. 

Fig. 22. Antennary region and tyuceaf frame of Notopus dorstpes. The appendages have been 
removed, with the exception of the right ocular peduncle and the left mandible. 
A A 2 , sockets of the antennules and antennas ; jtgt, sub-ant ennary lobe of the 
pterygostome. 

Fig. 23. A similar view of the antennary region and buccal frame of Ranina dent at a. 

P 1 .A.TJS 6. 

Fig. 24. A similar view of the antennary region and buccal frame of Notosceles chimmonis. 

Fig. 25. A similar view of the antennary region and buccal frame of Lyreidus tridentatus , 
showing the great elongation of the antennary sternum iii. pgl. paraglossw. 

Fig. 26. Perspective sketch of the buccal, frame of Ranina dent at, a y to show the hood-shaped 
mandibular sternum iv. 

Fig. 27. Antennary region and buccal framo oiDromia vulgaris , The appendages have been 
removed, with the exception of the right ocular peduncle. 

Figs. 28-33. Notopus dorsipes. Fig. 28. Right antennule : admedian aspect. 

Figs. 29 & 29 a. Right antenna, admedian and outer aspects. 1-5 , segments of the peduncle. 

Fig. 30. Second maxilla with scaphognathite. 

Fig. 81. First maxilliped. Fig. 32. Second maxilliped: note the relatively large flagellum 
of the exopodite. Fig. 33. Third maxilliped : note the oblique line of hairs on 
the ischium also seen in Ranitia, M. Edw. 

Fig. 34, outer and Fig. 34 a, admedian views of the right antennule of Ranim dent at a. 
Note the external opening of the statocyst, say. 

Fig. 35, outer and Fig. 35 0 , admedian views of the right antenna of Ranina dentata . 
1-5, segments of peduncle. 

Fig. 36. Outer aspect of the right antennule of Raninoides personatus. Note the infolding 
of the cuticle to form the statocyst, and the external aperture of the latter at sey. 

Fig. 37. Admedian view of the right antenna of Raninoides personatus . In this genus and 
in Lyreidus the two basal'segments of the peduncle are indistinguishably fused 
together. 

Fig. 38. Admedian view of right antennule of Lyreidus tridentatus . 

Fig. 39. Admedian view of right antenna of lyreidus tridentatus . 

fig. 40. Admedian view of right antennule of Notosoeks chimmonis. 

Fig. 41, outer and Fig. 41a, admedian views of the right antenna of Notosoeks chimmonis. 

Fig. 48. Notosceles chimmonis. Third maxilliped. 
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Plate 7. 

Fig. 42. Right second maxiiliped of Kanina dentata . The exopodite is deeply grooved on 
its surface and has no flagellum. 

Figs. 44-47, Notoscele * chimmonis. Fig. 44. Second maxiiliped, the exopodite of which, like 
that of Kanina, is deeply grooved on the ventral surface and bears no flagellum. 
Fig. 45. First maxiiliped. Fig. 46. Second maxilla with scaphognathite. 
Fig. 47. First maxiiliped. 

Figs. 48-60. Kaninoides personatm. Fig. 48. Third maxiiliped. Fig. 49. Second maxiiliped, 
the expodite of which bears a minuto flagellum. Fig. 50. First maxiiliped. 

Figs. 61-56. Lyreidm tridentatm. Fig. 51. Third maxiiliped. Fig. 52. Second maxiiliped, 
the exopodite of which bears a minute flagellum. Fig. 53. First maxiiliped, 
the exopodite of which is elongated in correlation to the elongation of the au- 
tennary sternum. 

Fig. 54. Second maxiiliped of Philyra lavin. The podobranch and mostigobranch are 
wanting : the exopodite is not grooved on the ventral surface and bears a short 
flagellum. 

Fig. 55. First maxiiliped of Philyra la vis. The mostigobranch is of great length and the 
exopodite is of normal shape and bears a flagellum. These appendages of Philyra 
should be compared with the corresponding appendages of the several genera of 
Raninidie. 

Fig. 50. Notojms dorstpes : ventral view of the antennary region to show the relation of the 
respiratory tube to the antenuory sternum. The pterygostomial portions of the 
carapace have been cut away. 

Fig. 67. Frontal view of Notosceks chimmonis to show the antennae in their natural position 
and their relation to the orbits. The right antenna has been pulled slightly 
outwards to expose the antcnnules. 

Fig. 58. Ventral view of the anteiior part of thorax and head of Kaninoides personatm. The 
right third maxiiliped has been removed and the left displaced from the middle 
line to expose the mouth frame and to show the elongated exopodites and endo- 
podites of the first maxillipeds forming the floor of the spout-shaped antennary 
sternum. The latter extends well forward between the basal joints of the 
antennules. 
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The Theory of Recapitulation : A Critical Re-statement of the Biogenetic 
Law. By Walter Garstanq, M.A., D.Sc.(Oxon), Professor of 
Zoology in the University of Leeds. (Commnnicated by Prof. W. 
Bateson, F.R.S., F.L.S.) 

(With a Text-figure.) 

[Read 2nd June, 1921.] 

More than half a century has passed since Haeckel propounded his “ funda- 
mental Biogenetic Law” (1866). It played a great part in the campaign 
for the recognition of Evolution, has inspired and still inspires much good 
work in Palaeontology, but, as a working hypothesis in Embryology, is 
admitted to have evoked little but controversy and confusion. This history 
alone renders it probable that the law is a mixture of sound and questionable 
elements, but the two have never been satisfactorily disentangled. The late 
Dr. 0. H. Hurst (1893), Adam Sedgwick (1894 & 1909 (a)), and Geoffrey 
Smith (1911), Oscar Hertwig (1898 & 1896), and Morgan (1908), among 
others *, have criticised particular aspects of it, but no one has presented a 
complete theoretical scheme capable of replacing Haeckel’s as an explan- 
ation of the relations between ontogeny and phylogeny. Lately MacBride 
(1914 & 1917), from the embryological side, and Bather (1920), from the 
standpoint of palaeontology, have revived the full Haeckelian doctrine ; and 
the former has even considerably extended it, though neither, so far as I can 
see, has refuted, or even appreciated, the force of the criticisms made by 
their predecessors. As it is not to the credit of science that Zoology should 
harbour a 4( law” which, like a creed, may be accepted or rejected at 
pleasure, and as I believe the basis of this law is demonstrably unsound, 
I venture to make a renewed attempt to define the points at issue. The most 
satisfactory way of doing this appears to be to re-state, in aocord with 
modern knowledge, the theoretical relations of ontogeny to phylogeny, and 
then to subject the alternative theories to verification by test-cases. As the 
did law was essentially morphological, I exclude from present consideration 
all bionomical and setiological questions not directly involved. 

1.. The two aspects of Haeckel’s doctrine— the statement of fact and the 
theory of causation — were summed up by himself in the phrases : “ Onto- 
genesis is the recapitulation of Phylogenesis” and “ Phylogenesis is the 
mechanical cause of Ontogenesis.” In these now familiar terms the new 

* Bateson’s criticism of the law of von Baer, though not specially referring to Haeckel's 
modification of it, should be included here (1*894, pp. 8-10). 
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conception o£ evolution was wedded, fifty years ago, to current ideas of 
ancestry, heredity, and development : Ancestors created, heredity transmitted, 
and development repeated the order of creation. 

2. To Haeckel, phylogenesis meant “ the chain of manifold animal forms 
which represent the ancestry ” of an organism, i . e. the phyletic line of 
succession of adults. Ontogenesis was, and is, the succession of form- 
changes between zygote and adult of the same organism. The ontogenetic 
sequence was regarded as resembling, and actually caused by, the phyletic 
sequence of adults, which had preceded it. 

3. But Haeckel overlooked the other evolutionary sequence, the phyletic 
line of succession of zygotes, running more or less parallel with the adult 
sequence, step by step, though steadily diverging. Every elaboration of 
adult form, even of its degree of pliability under environmental influence 
(for there are great differences among animals, as among plants, in this 
respect), was preceded by a corresponding elaboration of zygotic structure *, 
nuclear or cytoplasmic or both, determining, under suitable conditions, the 
form and character of the ontogenetic changes and their result. Through 
the whole course of Evolution, every adult Metazoan has been the climax of 
a separate ontogeny or life-cycle, which has always intervened between adult 
and adult in that succession of forms which Haeckel terms “ Phylogenesis.” 
The real Phylogeny of Metazoa has never been a direct succession of adult 
forms, but a succession of ontogenies or life-cycles. 

4. This was so from the very beginning, when zygote and adult were 
indistinguishable in form as ancestral Flagellate Protozoa. Zygosis must 
have been followed, then as now, by successive cell-divisions, corresponding 
to the cell-divisions of Metazoan ontogeny, though they led to no single 
multicellular adult. A stage further on, the corresponding cell-divisions 
gave rise to adherent colonies, fixed or free, arborescent or epithelial, each 
type established by its own ontogeny. The very first, most ancestral 
Metazoan of all— at whatever grade of evolution the dividing line may be 
drawn — must be admitted to have been built up by a full ontogeny from 
unicellular Eygote to multicellular adult, so that, in the first, as in the latest 
Metazoan, ontogeny came first, leaving the first adult Metazoan as its original 
achievement. The next generation, through a new ontogeny, produced a- 
second adult, and so on. In a word, Haeckel’s causes and effects mast be 

inverted. Phylogeny (in Haeckel’s sense) is the product, the “ record ” 

not the precedent cause — of successive ontogenies ; and neither the first, nor 
the second, of Haeckel’s phrases can any longer express the basis of true 
biogenetic law. Ontogeny does not recapitulate Phylogeny : it creates it. 

* Of. : Hertwig (1906, i. p. 6G) : “Die Eizelle z. B. eines jetzt lebenden S&ugetieree iet 
kein einfaches und indifferentes, bestiramungsloses Gebildo .... sondern .... das ausser-‘ 
ordentlich komplizierte Endprodukt eines eehr langen, historisclien Entwicke| , ttng8prc»es8e•. ,, 
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necessarily to follow, however great the difficulties may be which are 
involved in their acceptance” (1885, ii. p. 32), But the 44 parallelism 99 of 
ontogenetic and phyletic sequences, which was incorporated by Haeckel 
in his 44 law,” was noticed by many a 44 good physiologist” before him 
(of Meckel, Yon Baer, L. Agassiz, &c.), and cannot disappear with his inter- 
pretation of it. Perhaps now we shall see its true extent and meaning more 
clearly. Ontogeny proceeds through successive grades of differentiation by 
which layers, tissues, organs, and parts together with ordinal, family, generic, 
and specific characters, are more or less successively established. As differ' 
entiation increases, the combination of layers, tissues, organs, and parts 
exhibited at successive stages resembles more or less distinctively the conw 
binations characteristic of successive grades of evolution represented in our 
schemes of phyletic classification. To that limited extent the ontogeny of 
a given animal is an epitome of its phytogeny, and may be said, in the 
true sense of the word, to recapitulate phylogeny, i. e. to sum it up, 
recall the main phases of it. This is the parallelism observed by Meckel,. 
Von Baer, and many others, expressed in evolutionary terms. It exists and 
is undeniable. 

6. This parallelism exists because phylogeny is itself the creation of 
successive ontogenies, and ontogenies of necessity run parallel with one 
another from zygote to adult. For ontogeny is the expression of zygotic 
power, the function of zygotic structure ; and zygotic change involves no. 
radical departure from the routine 6t ontogenetic method. One ontogeny is, 
in this sense, a modification of its predecessor. The ontogeny which first 
established the Coelenterate grade was the basis of a later ontogeny which 
established the Coelomate grade. The life-cycle was extended accordingly, 
but never by the simple addition of a substantial unit or stage, distinctively 
Coelomate, to the final adult stage of a Coelenterate ontogeny. A house is. 
not a cottage with an extra storey on the top. A house represents a higher 
grade in the evolution of a residence, but the whole building is altered — 
foundations, timbers, and roof — even if the bricks are the same. You may 
begin by building a cottage a little larger than its predecessor, cutting off 
an entrance passage from the parlour, and adding a back kitchen ; but when 
your ambition rises to an entrance hall, three reception rooms, two staircases,, 
and so on, you are forced to a mutation in your building plans which affects 
operations from the start. The ontogeny of a Coelenterate adds, in a certain 
sense, on a simple diploblastic base, certain effective, workaday, adult, 
features by which it copes with the conditions of its life ; but the replace-* 
ment of these effective characters by others suited to the more adventurous 
career of a Coelomate (e.g. development of prehensile mouth instead of tentacles) 
involves their disappearance altogether ; and there remains of Coelenterai* 
organisation only that diploblastic residuum of differentiation out of which 
the Coelomate may be economically and directly built up. Nor is the end t >£ 
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the life-cycle alone effected. The Ccelonterate had a larva fitted both to 
distribute it and to build it up. It must be changed so as to perform this 
double function for a quite different creature, probably of very different size, 
habits, and requirements. And then the changes at the larval end must be 
fitted and co-ordinated with the changes at the adult end, so that every phase 
of the life-cycle is modified in some way or other. Yet it is ouiy this much- 
pruned Coelenterate sequence that survives as building material out of which 
a specifically Annelid ontogeny may. give rise to a Crustacean, and so on. 
Inevitably the Coelenterate sequence in the Crustacean’s ontogeny is reduced 
to the simplest terms, and is ns far from “ mirroring ” any functional Coelen- 
terate type, or the original mode of its formation, as possible. Nevertheless, 
the grades persist as stepping-stones from zygote to adult; and, having been 
successively pruned of unessentials as they ceased in turn to furnish directly 
the equipment of the adult stage, they have become very constant features 
of the ontogeny in a long line of evolutionary progress. For there is an 
irreducible minimum beyond, which even ontogeny cannot abbreviate. The 
zygote is always unicellular, the larva multicellular and fitted for swimming, 
and the adult a multilaminate complex of interdependent parts ; and even 
the Ctenophore, with its elaborate pne-organisation of the zygote, cannot 
escape the rule that 8 = 4x2. Ontogeny repeats the necessary successive 
grades of ancestral differentiation, but no ontogenetic stage is ever more 
than an immature adumbration of a particular adult type in the phyletic 
chain *. It reproduces those successive grades, not because successive adult 
types have been included in it, but because each ontogeny is a modification, 
within limits, of its predecessor ; and by those predecessors the phyletic 
chain of adults was organised and equipped. 

7. Thus Coelenterate, Ooelomate, Protochordate, Gnathostome, and Tetrapod 
are successive grades of differentiation both in the ontogeny and phylogeny 
of a Frog ; but at hone of these grades does the ontogeny recall the form 
and structure of a possible adult ancestor. This is obvious enough in each 
of the first three grades ; and in the fourth, which is held to “ recapitulate ” 
the Fish, the tadpole lacks dermal skeleton (both scales and fin-rays), paired 
fins, and biting jaws, which the adult ancestral Fish undoubtedly possessed. 
The tadpole, in fact, is not a modified reproduction of an ad nit Fish-ancestor, 
but a modification of the larva which that ancestral fish undoubtedly 
possessed— -still recognisable, in less modified form, in the larvae of Polypterus 
and Dipnoi to-day. In other words, the life-cycle of the Frog is a modifi- 
cation of the life-cycle of an ancestral freshwater Fish ; and adjacent terms 
in the old life-cycle (larva and adult) have undergone parallel and correlated 
modifications, as well as some independent specialisations. 

* Of* Von Baer (1888, p. 280) : “Der Embryo geht nie dutch eine audere Tierform 
Itttttarch/ Sondern nut dutch den Indifferentzz ustand zwischen seiner Form und einer 
anderen. 
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8. That “ recapitulation ” does not require the reproduction of adult stages 
n the ontogeny in order to be exhibited is plainly seen in the development 

of many Geometrid moths. Everyone knows the Geometrid or “ looper ” 
type of caterpillar, provided with prolegs only on two of the hindmost 
abdominal segments (the 6th and last). This type is admittedly derived 
from a prototype which possessed the full Lepidopteran equipment of prolegs 
on segments 3 to 6, as well as the last, the prolegs on the three first segments 
having subsequently disappeared. But many Geometrid caterpillars possess 
vestiges of one or more pairs of these missing prolegs : in the March moth * 
(Erannis wscularia, Sckiff.) there are traces of the last pair (South, ii. pi. 125); 
in the common Brimstone ( Opisthujrajrtis cratagata (Linn.)) and Scalloped 
Hazel ( Gonodontis hidentata , Cl.), clear rudiments of the last two pairs (/. c. 
pi. 115) ; while the Orange Underwing {Brephos parthenias (Linn.)) has the 
first two pairs rudimentary and the third pair fully developed and functional 
(Meyrick, 1895, and South, 1908, ii. pi. 39). In the Feathered Thorn, Colot oi* 
(Him era) pennaria (Linn.), the single pair of vestigial prolegs arises and 
disappears between the 1st and 4th moults (Buckler, 1897). Now, the time 
has long passed when it was possible to regard these prolegs as liomologues 
and derivatives of the true legs of some Scolopendroid ancestor. They were 
“ cenogenetic ” larval features, adaptive interpolations, modifications of the 
middle stages of a life-cycle which originally, in the earlier phases of Endo- 
pterygote history, exhibited larva* lacking prolegs altogether, as in Coleoptera. 
Yet these examples of vestigial organs are as reminiscent of ancestral (though 
larval) structure as the larval foot of the oyster, the larval stalk of Antedon, 
the transitory feet of the parasitic Port union, or any other of the familiar 
examples that are held to prove the theory of adult recapitulation. They 
demonstrate, as Morgan has already urged (1919), that recapitulation is 
merely the static aspect of inheritance, and that, in this aspect, inheritance 
is not primarily the reproduction of adult characters, but the reproduction 
of the characters of each part of the whole life-cycle — the sequential 
expression of the full train of zygotic potencies. 

9. It may be urged that such hereditary changes in the middle phases of 
the life-cycle do not affect the proposition that evolutionary changes usually 
take place at the end; and that the case for adult recapitulation rests on the 
evidence for this' proposition. Nevertheless, to clear up the misunder- 
standings of the past, it is necessary to leave no margin for ambiguity. 
If “ recapitulation,” in the special sense of partial reproduction of the past, 
is hereby shown to be independent of the characters of adult ancestry, that is 
something gained : the axe is laid at the root of the tree. For much of the 
glamour of the old biogenetic law is due to its appeal to such idols of the 
market-place as the assumption that “like begets like,” and that, as adults 

* Meyrick’s classification and nomenclature are followed here, but the fluglfrl* names 
have been added for convenience of reference to South’s figures. % 
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only are capable of begetting, the thing begotten is built up of successive 
adults. That 44 cenogenetic ” interpolations*, without any adult ancestral 
significance, are a normal feature of almost every life-cycle, is often verbally 
admitted, though tho recapitulationist rarely realises how profoundly such 
interpolations may affect his phylogenetic conclusions, and how dangerously 
subtle become his arguments when engaged in proving that such larva? as the 
Trochosphere, the Nauplius, and other distributive stages of the life-cycle 
are at bottom 44 recapitulative.” I propose to deal more fully with the origin 
and significance of such larval forms in another communication ; hut, to 
illustrate the principle, I may add one example of the origin of an inter- 
polation in the most progressive of sequences knoun to us, viz. that of 
Vertebrates. There is no doubt that Birds are descended from Reptiles. 
It is beyond question that Reptiles are hatched in a form and with a somatic 
organisation which is that of a miniature adult Reptile in all respects. Yet 
the Bird is hatched in a form and with sundry details of organisation 
different from those of the adult, c. jr. its downy plumage. Now, the 
“typical” down-feather is an open hollow tube, splayed out at its free 
extremity into a ring of soft barbs (or barbules) of equal size, and I ask if 
sucli a tubular feather is to l>e regarded as an intermediate stage in tho 
phylotio derivation of feathers from scales. I submit that there is not a scrap 
of evidence, or of probability, that any adult ancestor of Birds, along the 
whole route from Reptiles to Sparrows, was ever clothed in anything except 
scales, feathery scales, and finally contour-feathers. The chick is an inter- 
polation in the life-cycle of Birds, and its down is a -‘secondary ' 5 modifi- 
cation of complete contour-feathers. The Duck, the Fowl, and the Pigeon 
represent three successive grades of differentiation in tlie phylogeny of 
Birds. Anyone who will examine under a microscope the nestling-down of 
these three birds in the order mentioned, will see that they exhibit successive 
phases in the degradation (a) of the primitive raehis of a contour-feather 
and (ft) of the barbs of such a feather, /. e. that the chick stage, with its 
peculiarities of organisation, has been evolved, step by step, within the group 
of Birds alone, and is an interpolation that lias no relation with, and throws 
no light on, the prre-Avian adult ancestry, or on the way in which scales 
were transformed to feathers f. 

* E.g. Weismann’s discussion of the evolution of markings in larva? of Sphingidze, much 
of which is probably sound, though unnecessarily complicated by the assumption that 
primitive longitudinal markings have been “shunted back'’ into earlier stages of the 
ontogeny, instead of being simply replaced in the later stages by patterns more suited to 
increased size or special conditions of exposure (1904, pp. 177-185). 

t The subsequent publication of Prof. Cossar Ewart's valuable paper on “ The Nestling 
Feathers of the Mallard ” (P, Zool. See. 1921) renders this discussion inadequate ami I hope 
to amplify it. In the meantime I would merely remark that, on the relation of feathers to 
scales, the association of several feather-germs with single scales on the foot of the Owl is 
no disproof of my thesis, since the feathers here represent a secondary extension, like that 
of the scales on the head of Ceratodus . 
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10. Let ns now take an equally unambiguous case of evolutionary change 
at the adult end of the life-cycle. There is a group of genera of Geometrid 
moths in which the life-cycle terminates with normal winged males and 
more or less wingless females (Apocheima, Ilybemia, Theria *, &c.). It is 
an adaptive change, for, unlike their congeners which hibernate as pupfe and 
emerge in early summer, these moths emerge in winter when the trees are 
leafless, and the normal method of' repose is much more dangerous. The 
males, like both sexes of other related genera, rest by day exposed with 
wings outspread on tree-trunks, palings, &c. The wingless females 
hide in the crevices of bark. Both are active at night, the females 
creeping out of their crannies, and the males hunting for them up and 
down the woods. In the Early Moth ( T. rupicapraria) and Dotted Border 
(//. marginalia), which emerge in February and March, the wings of 
the females are half as long as the body (South, ii. pi. 120) ; in the Scarce 
Umber (II. aurantiaria ), which emerges as early as October or November, 
the wings are mere stumps (/. c. pi. 120^ ; while in the Mottled Umber ( H . 
defoliaria ) and various other species the wings are completely lacking (/• c. 
pi. 122). The wings of the males are of full size throughout (Meyrick, and 
South, l. c,). Now here is a case of evolutionary change of the adult form, 
and in one sex only ; but, with these facts before him, and with our know- 
ledge of the origin and breeding of similar mutations in Morgan’s Drosophila 
experiments, who can assert that this abnormal adult 1ms been added to the 
life-cycle of its normally-winged ancestors, and that the old adult has been 
“pushed back” to an earlier phase of the life-history. The wingless female 
is the exact counterpart of the normal male, and, though 1 do not know if 
any change has already taken place in the pupal characters of the female, it 
is a safe deduction from our knowledge of the pupal condition in more 
extreme cases to assert that the only changes likely to ensue will be in the 
direction of still further reducing the size of the pupal wings. The ontogeny 
will be influenced in the direction taken by the new adult , and without regard 
to the ancestral adult at all . The new adult is just a modification of the old 
adult. There is no addition, no “ tacking on 39 of a new stage ; no “ pushing 
back” or “ tachy genesis 33 of the old adult stage — merely a substitution of 
one adult type for another, and, sooner or later, some correlated changes in 
the stage which immediately precedes it. Zygotic mutations have caused the 
changes; natural selection has controlled the breedings of successive 
generations ; and heredity has perpetuated the results of the selection. 
Certain ancestral adult characters are disappearing from the ontogeny ; and 
the condition of a flea, ontogenetically, as well as finally, without a trace Of 
wings at any stage, is likely to be the end result. 

11. I have selected this example, not because it is representative of all 
evolutionary changes that manifest themselves in the final stages of onto- 
geny, but because of its bearings on the most recent exposition of the theory 
9 Meyrick’s nomenclature (1895); English names and figures in South {1908). 



▲ CRITICAL RE-STATEMENT OF THE BIO GENETIC LAW. 


89 


of recapitulation from the embr yological side. I have already shown that, 
in its original and general sense, recapitulation is a fact which was recognised 
long before there were any theories to account for it. But this generalised, 
or Meckelian, recapitulation needs to be clearly distinguished from the 
specifically adult recapitulation of Haeckel and his school, who could not 
understand the origin of the former except on a theory of catenary ancestral 
inheritance, each term in the ontogeny (except the last) being moulded after 
the likeness of a specific adult ancestor — though, of course, condensed, 
abbreviated, telescoped, and secondarily modified by adaptive changes. Now, 
the only way that I can see of establishing this theory by purely embryo- 
logical methods, is to show that the penultimate stage of the ontogeny of 
a given type of adult resembles the final (adult) stage of the ontogeny of 
some theoretically ancestral type more closely than it resembles the corre- 
sponding penultimate stage of the same, and similarly with regard to the 
antepenultimate stage, and so on. I cannot find that this has been done, or 
even attempted, in any case — certainly not in any of the cases recently 
selected by MacBride for discussion. Yet this is his thesis: ••When we 
assert that a Metazoan recapitulates in its life-history the past history of the 
race or stock to which it belongs, we mean that the stages intervening 
between the egg and. the adult form resemble in some of their prominent 
features the adult animals which belonged to the same stock at different 
•epochs in the past history of the race” (1917, p. 425) ; and he is concerned 
•to show both that the adult stage of the ontogeny of a new species is an 
addition to the ancestral ontogeny (1914, pp. 23, 650), and that the adult 
stage of the ancestral ontogeny is reproduced (“recapitulated”) in the 
ontogeny of the new* species as the last larval (or “ ncanie ”) stage (/. c. 
pp. 21, 22). But his method of establishing these points is merely to select 
a number of cases in which the adult deviates considerably from the normal, 
and to show that “ the young form resembles the type of the order to which 
the parent belongs and not the parental type itself” (1917, p. 428). 
“ Thus the young Hermit-Crab swims freely about in the water and has a 
symmetrical abdomen like that of Shrimps and Prawns” [but so have the 
young stages of these creatures!] ; “the young Flatfish swims with its 
ventral edge down and its dorsal edge up, and has an e) r e on each side of the 
head” [but so have the young of nil Teleostei!] ; “the young Oomatulid 
is fixed to the bottom by a stalk like other Orinoids [and their young too, in 
all probability !] ; and the young American Oyster possesses a foot like that 
of other bivalves by which it crawls about” [and, I may*add, as the young 
of nearly all other Lamellibrancha crawl about!]. Now'heredoes he show, 
or claim to show, that the young stages of any of these animals resemble 
the adult mote closely than the young stage of typical members of their 
respective orders. He does not show it because he cannot. In every case 
that he discusses*, whether the above, or the cases of the parasitic Portunion 
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and Adheres (1914, pp. 22, 206), the young resemble the young stages fur 
more closely than they resemble the adult stages of their respective “normal” 
relatives*. The symmetrical larva of Pleuronectids is scarcely distinguishable 
from many Teleostean larvae of other families : it is distinct from any existing, 
or fossil adult Teleost. It is the adult Oyster which has lost its foot, not the 
young Oyster which has acquired it. It is the adult Portunion which has 
lost its legs, not the young Portunion which has acquired them by tachy- (or 
any other kind of) genesis from its adult ancestors ! These cases are all in 
the same category as the case of the wingless Moths already discussed. No 
new stage has been added to the life-cycle. One adult stage has been trans- 
formed into another, hut the penultimate stages remain as before. The 
protagonist has missed his point, and the riposte is obvious. It was not his. 
task to prove that Oysters were Mollusks, that Hermit-Crabs were Crustacea, 
or Pleuronectids Fishes. Comparative Anatomy did that long before the 
science of Embryology staked its claim. His province was to show that by 
virtue of HaeekeBs Biogenetic Law he could reconstruct the prominent 
features of an adult ancestor from a developmental stage. All he has done 
is imperfectly to confirm Von Baer’s prae-Haeckeliun doctrine, that animals 
resemble one another more closely in their young stages than in their adult 
stages f. For his own illustrations show how greatly the aduli may differ 
from the larva. He has merely shown the resemblance between the larvae 
of a given class. It follows that, for all he has shown to the contrary, the 
“typical” or “normal” larvae, which the Pleuronectid larva resembles, 
might have grown into Cod, Mackerel, or any other type of Teleost, and 
that the adult ancestors of Pleuronectids, so far from being “ normal,” may 
have carried themselves upside down like a Remora , or stood on their tails 
like Pipefishes. If no more relevant evidence than this is forthcoming, 
I claim that the old Biogenetic Law of adult recapitulation is dead, and that 
Morphology is henceforth free from a delusive and cramping hypothesis. 
Ontogeny is not a lengthening trail of dwarfed and outworn gerontic stages. 
Youth is perennially youth and not precocious age. 

12. It is true that ontogeny could not exhibit its normal progressive 
differentiation of structure if evolution had always been of the type exhibited ■ 
by these examples of metamorphic Insects, Lamollibranch Mollusks, parasitic 
Crustacea, and Pleuronectid Fishes. Evolution within these groups to-day 
partakes mostly of the nature of an adaptive radiation of the various types, 
whereas the general lines of ontogeny correspond rather with that* kind of 
evolution which * involves morphological and physiological progress. 
Although a detailed examination of any of these various advances falls 

* Note especially the absence of the 8th pair of thoracic limbs in Epicarid, as in all 
other Isopod larvas. 

t “Isa Grunde ist also nie der Embryo einer hoheren Tierform einer anderen Tierform 
gleich, sondem nur ilirem Embryo” (1828, p. 220). 
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outside the purview of the present communication, the slightest survey of 
Vertebrate evolution shows a series of triumphs over limiting environments 
of medium, temperature, space and time which has been based as much on the 
substitution of new for old organs as on the continuous elaboration of 
particular ones. When a given organ is wholly transformed in the course 
of evolution, it rarely shows traces in ontogeny of the original steps of 
its transformation (<?. g. bony scales to fin-rays, horny scales to feathers, 
lobate fins to pentadactyle limbs, pentadactyle limbs to wings). The final 
form alone is inherited and develops directly. But when originally separate 
organs are ultimately united into one organ, some stages of the process of 
amalgamation are necessarily repeated ( e.tj . branchial arches to hyoid, 
vertebral elements to vertebra, muscle-buds for paired limbs, anchylosis of 
limb-bones, segmental tubules of kidney, &c.). And when a new organ has 
arisen in intimate dependence on an old organ, the old organ may still 
remain necessary for the development of the new (Kleinenberg, 188G). 
Thus backbone replaces notochord, and bone replaces cartilage in present as, 
doubtless, in past ontogeny, for the former organ or tissue is still necessary 
as scaffolding for the later one : and the constant development of gill-slits in 
the ontogeny of terrestrial Vertebrates is but another illustration of the same 
phenomenon, as Sedgwick has already pointed out (1894) — for a complex 
double circulation that, has been elaborated along channels determined by a 
branchial circulation cannot readily depart from tho phyletic steps of its 
formation. It is this formative dependence of one organ, or set of organ?*, 
on another that confers on Vertebrate ontogeny its marked recapitulative 
character. 

13. But it is equally clear that the whole succession is explicable without 
recourse to tho theory of successive adult incorporations, and that the onto- 
genetic stages afford not the slightest evidence of the specially adult features 
of the ancestry. So far as notochord and gill-slits are concerned, they make 
their appearance in the earliest larval stages of every animal that presents 
them, including Amphioxus itself. Their phyletic origin is still wrapped in 
obscurity. The case is hardly different as regards cartilage, bone, scales, 
feathers, hairs, lungs, limbs, and all the other organs concerned. No example 
can be adduced of any of these organs arising in an adult stage of" ontogeny. 
Until that evidence is produced, it is idle to claim that recapitulation which 
involves any of these organs is a repetition of specifically adult ancestral 
features. Moreover, it is impossible to overlook the fact that some of the 
most pregnant changes in the characteristics of the higher Vertebrates are 
directly or indirectly traceable to changes in the earliest stages of the 
ontogeny. The elaboration of the brain in Birds and Mammals, and the 
development of their social and {esthetic senses, are connected with the inter- 
polation of the helpless chick, puppy, or baby stage in the ontogeny, which 
from the simplest beginnings has led to the development of educability and 
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preferential action in place of the limited range of reflex and automatic 
mechanisms of more primitive types. That “ little twist of brain,” which dis- 
tinguishes one philosopher from another, is not more striking in its effects 
than are those trifling touches to the structure of the heart which transformed 
the cold-blooded Reptile and Stegocephalan into the warm-blooded Bird and 
Mammal respectively. Yet these are changes which, however graduated 
through successive generations at the outset, were not of a character to have 
been completed, or even initiated, in any adult stage of ontogeny. They must 
have been first manifested as a series of embryonic mutations, subjected 
continuously to selective tests of their relative physiological efficiency. Age 
bears the buffets of the world, but youth regenerates it« 

14. It is, however, the palaeontologists who are the real defenders of the 
Biogenetic stronghold. With them the Law is a faith that inspires to deeds, 
while to the embryologist it is merely a text for disputation. The difference 
is striking and worth defining. When the embryologist sets up his larval 
images and worships them as prse-Cambrian ancestors, the real ancestors 
•cannot be produced to demonstrate his folly. But the paleontologist’s aim 
is to trace lineages directly, and he is not satisfied until he has produced his 
ancestors, or at least the most subs tan tial remnants of them. I confess that 
I have been tempted many times before to-day to attack a theory which has 
led so many of us into blind alleys, but always Hyatt’s Ammonites recurred 
to present an unanswered, and seemingly unanswerable case for Haeckclian 
recapitulation. A priori it seems, absurd that senile characters should be the 
beginnings of a line of evolution (Hyatt, 1897, p. 221 &c.), but the for- 
midable array of evidence, the wide range of unfamiliar material to be studied, 
and, not least, our ignorance of the habits and conditions of life of this type 
of Mollusk, have all conspired to render these Ammonites to me a real obstacle. 
The following case, however, has recently impressed me with its remarkable 
analogies, and justifies me, 1 hope, in presenting a general argument without 
directly tackling the Ammonite problem itself, at any rate for the present. 

The curious Prosobranch Gastropod Lamellaria , which mimics and devours 
Compound Ascidians, produces veliger larva? of a unique type known as 
Echinospira (Krohn, 1853, 1857). The hyaline shell first produced is dilated 
ao that it* is far larger than its occupant— resembling in this respect the 
gelatinous house of an Appendicularian. It is coiled like the shell of an 
Ammonite, being in some species discoidal, with perfect symmetry, in others 
spiral, and in the related Onehidiopm more simple and sac-like (Bergh, 1887)* 
The larva can withdraw himself completely, or, with his mantle-edge clasping 
the month of the shell, he can protrade a large* 4- or 6-lobed velum, and 
ewim about with it on his excursions with Wonderful grace and ease. The 
mouth of the shell is regularly extended at its margin, the successive 
additions being marked by transverse lines of growth and generally by one 
or two pairs of longitudinal (spiral) rows of tubercles or spines aft well. 
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Inside this rapidly growing bouse (the roof of earlier whorls being periodically 
destroyed to make room for their successors), the larva secretes a second 
flatter shell (the rudiment of the adult shell) which fits his visceral hump 
and adheres to it, but is temporarily fixed in the cavity of the outer shell 
until he shifts his position, when it is carried forward — as though be were 
trying to improve on an Ammonite's arrangements by the device of a 
portable septum *. Now, the point of the analogy is this : that the spiral rows 
of tubercles on the outside of the shell are variable in different species, and 
that in the same individual they may go through a cycle of changes exactly 
like the progressive changes of an Ammonite. The shell may pass through 
a smooth siage, a unituberculato stage (the outer row of tubercles), a di- 
tuberculute stage (with both rows developed), a spiny stage, and lastly a 
ribbed stage, in which cross-ribs join the tubercles of the two rows together. 
Unfortunately for the completeness of the analogy, 1 ichinos/nra does not (so 
far as I have yet seen) present a gerontic stage, for, being only a larva, and 
usually very lively and vigorous, he quits his cage before old age conies 
over him, and transforms himself into a torpid Ascidian-oating Lumellaria . 
I hope to publish shortly some figures of the remarkable process of meta- 
morphosis, of which I was lucky enough to be an eye-witness last year at 
Plymouth, as well as some further details of the growth of the larval shell ; 
but for my present purpose I refer to Sixnroth (1885, text-fig. 5 ; Taf. xvi. 
figs. 1 & 2 ; xviii. figs. 1-2, 6—8 whose excellent figures sufficiently 
illustrate my immediate points. Meanwhile I submit (1) that the characters 
of the larval shells of LamAlaria and its allies are purely cenogenetic, with 
no relationship to the characters of any adult ancestors; (2) that gradual and 
progressive changes in the shell of the same individual, from one type of 
44 ornament ” to another, occur regularly, aud are apparently determined by 
tbe constitution, sine, and vigour of the lurva under the particular conditions 
of its existence ; and (3) that different degrees of the power of tubercle- and 
spine-formation characterise the larvae under different conditions of existence. 

In this case, from which all specific influence of adult ancestry is excluded, 
there is no escape from the conclusion that the power to perform these 
variously graduated operations, and the extent of that power, are essentially 
functions of the zygotic constitution, though there is a considerable margin 
for the direct influence of conditions. I conclude that, if this is so for the 
44 cenogenetic w larvae of Lamellaria , it is not likely to have been different 
for the 44 palingenetic ” stages of Ammonites. 

15. I return to the keynote with a direct comparison between the ontogeny 
and phylogeny of an animal in which the skeleton has been an important 
index of racial structure throughout geological time — the Crinoid Antedotu 

* The twe shells correspond to the two layer* of an ordinary Molluscan shell, dislocated 
from their original union. The outer or larval shell, corresponding to tbe prismatic layer, 
is formed by mantle-edge alone j the inner or adult shell, corresponding to the nacreous 
layer, is formed by the visceral surface of the mantle alone. 
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In selecting this type from the few that fulfil the necessary conditions, I have 
naturally not overlooked the fact that in the two most doughty advocates of 
Haeckel’s law in this country, we also possess two of the foremost experts in 
Echinoderm embryology and Crinoid paleontology respectively. If I err in 
my selection, or statement, of facts to be brought into prominence, they will 
know, I think, that it is from inadvertence and not from intention. The 
test of palaeontology cannot, of course, be brought to bear on the origin of 
the stalked condition, or at present, at any rate, of the primal torsion of 
the internal organs of Echinodermata ; but I regard it as established by the 
form-sequences which Bather and his colleagues have traced, that radial 
symmetry was imposed upon the skeleton of an original pear- or sac-shaped 
body by the extension of superficial food-grooves leading to ihc mouth from 
food-collecting tentacles — a view which I understand is shared by MacBride 
(1911, p. 248). The hypothesis that Oystoid, Blastoid, and Orinoid were 
successive and independent offshoots from an unknown stock that lacked a 
skeleton seems to me to involve the negation of precise morphological evidence. 

Accepting as my basis Bather’s masterly sketch (1900) of the phyletic 
classification of these groups, and bearing in mind his own cautions (7. c . p. 1 38), 
as well as the slenderness of the geological record of Permian and Triassic 
forms, the main outlines of the adult ancestry of Ante Jon cannot have 
deviated far, I think, from the following sequence (the Homan numerals in 
brackets refer to certain figures of special significance in Bather's work) : — 

{?) Prse-Oambrian. — Prres-brachiate ancestors, first Cystoid, with numerous 
, irregular thecal plates, then reduced and approximating to Blastoid 
regularity. Finally an immediate ancestor of Cysto-Blastoid structure 
exhibiting an ill-defined separation between calyx and stalk (rf. 
Cystoidea, viii., xviii.), but with fixed pentameral symmetry and com- 
position of the firm cup, as in Blastoids*, from the Basals upwards 
( Steplianocrinus , ii.). From such an ancestor, after development of 
arms, the Monocyclica and Dicyclica, distinguished at first only by 
the exclusion, or inclusion, of lnfra-Basals in the cup (/. e. the position 
of the growth-zone), diverged. I pursue further only the Dicyclic 
series, and neglect the Camerata. 

Oambriau.— Tho primitive Inadunate : 5 simple arms, distinct from the 
cup ; disk firmly plated with 5 Deltoids (Orals), supporting ambulacra 
above their conjoined edges (cf. Hybocrinus , xxxvi.). Slightly 
modified, this type survived among Ordovician Cyathocrinoids 
(. Porocrinus , lxxxvi.) : Anal plates (X & HA) present in the circlet of 
Radials ; Posterior Oral, the only madreporite. 

* The stereotyped monocyclic constitution, sharply separated stalk, and late geological 
-development of Blastoids suggest that this group may be composed, in reality, of p&do- 
ffcnetic Crinoids , and it would he worth while to extend this hypothesis to some of the 
Cystids themselves. 
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Ordovician. — Dendrocrinoid modification/ Arms still non-pin nulate, but 
dichotomously branched ; the disk now flexible by interpolation of 
small plates between Orals and Radials, but Ambulacra remain supra- 
tegminal. Anals as before, supporting a great anal turret (xxvi.). 
Madreporite lost. 

Silurian. — Dendrocrinoid arms forked and pinnulate ( [TJendrocrinus , iii.). 

Devonian 1 Dendrocrinoids lose HA, and then X from cup ( (jraphio - 

,, . * > crinvs and Krisocrinus, c) ; their arms become biserial ; 

sarhoniterous. j Infrabasalg reduced an(i covered by stem. 

Trias. — From Grapliiocrinidre arise Pontacrinidie : cup (patina) shallow, 
the disk bulging up between the arms ; no persistent proximal 
columnal as yet ; stem cirriforous, its ossicles changing from round 
to pentagonal, with petaloid furrows and radiating ridges ; no Anal ; 
arms (again ?) uniserial. Various members of the family swim about, 
and re-anchor themselves by distal cirri of stem. Obscurely leading 
to Floxibilia Pinnata, but exact links missing (cf. Bathycrinus, with 
bi-fasciate stem-ossicles, like Courgueticrinida) and Antedonida?, 
figs, xlix., cxv.). 

Jurassic. — The first “Pinnata," with persistent proximal columnal and 
reduced Basal s ; stem-ossicles of modified Pentacrinid or Bathycrinid 
types. Millericrinus (no cirri) broke away from bottom of its stalk 
for swimming, the stem being slowly absorbed (lii.)* Thiolliericrlnus , 
the first Antedonid, with cirriferous compound Centrodorsal, fairly 
stout stem, and bifasciatc joints of stem-ossicles. 

Lias. — Antedon and later types break away from top of stalk early in life. 

With this sketch of the adult ancestry of Antedon before us, let us now 
see how it is recapitulated in the ontogeny. Certain sequences of forni- 
cliange take place in the same order. The larva on fixation exhibits 
Successively an armless (“Cystid”) stage, and stages with simple arms, 
forked arms, and pinnulate arms respectively ; the Oral plates at first are 
coextensive with the disk, as in Blastoids * and Cyathocrinoids, and then a 
peripheral growth-zone (perisome) is established between them and tho 
Kadiak as in Ordovician Dendrocrinoids ; an Anal plate appears w ithin 
the circlet of Hadials, rises above it and disappears, as in Carboniferous 
Dendrocrinoids; the Infra-Basak arise separately and then fuse w r ilh one 
another and the proximal columnal, marking the change from Dendro- 
crinoidea to Flexibilia Pinnata. 

* Another Blastoid or pre-Crinoid relic appears to be involved in the abortive attempt 
cf the 5 primary tentacles to branch and grow as radial canals in the vestibulate stage, each 
peristomial tentacle (in spite of its lack of food-grooves and skeleton) representing a Mastoid 
brachiole. If Blastoid brachioles are homologous with Crinoid pinnules, the view that 
sample unbranched arms are primitive in Orinoids becomes untenable. 



96 


PROF. W. QABSTANOI ON TEE THEORY OF BBCAPITUIiATION : 


Now note the discrepancies. Except possibly in the anal iutarradins, 
there is no trace of prse-Cambrian irregularity in the number and arrange* 
ment of the skeletal plates, of the earlier acquisition of radial symmetry by 
the ambulacra and its later imposition upon the plates of the calyx ; no sign 
of the derivation of the stalk by constriction of a pyriform base ; no evidence 
of the oral plates having originally formed a solid disk, above the sutures of 
which the ambulacra ran. Except for certain additional dislocations to be 
referred to in a moment, it is just as in the development of the skeleton of a 
Vertebrate limb : the number of the skeletal elements is fixed from the 
beginning (even the pattern of the stem-joints) and ontogeny reveals no signs 
of their past history — with two exceptions: the ‘migrations of the Anal plate 
and the composition of the Centro-dorsal. The former is a precious record 
of the change exhibited by the ancestral Dendrocrinoids, when, as arm- 
structure changed and flexibility increased, the diminishing anal chimney 
(fig. iii.) no longer required a buttress in the calyx wall to support it. But 
its retention in the ontogeny of Antedon is no proof of the normality of so 
precise a record of ancestral change : rather is it the exception which proves 
the rule of absence of such records. It is comparable with the “ useless ” 
notochord of the Vertebrate embryo. It has no part to play in the adult, 
because, os growth proceeds, the bases of the arms take over the main support 
of the body ; but in the larva the patina is the sole support, and, as an Anal 
plate (and a Radianal as well) was a constant inherited element of the cup 
through nearly the whole of Palseozoie time, it is scarcely surprising that it 
should be retained in that part of the life-cycle where it is still conceivably 
useful. On the other hand, it ia squeezed out of the cup as soon as the anal 
tube, by remaining small, withdraws any demand for its retention, and when 
the flexible incorporation of the five arm-bases in the cup sets up a counter- 
demand for strict pentameral symmetry. This demand, so far as the Radianal 
is ooncerned, has long since been met by the complete elimination of 
that plate from the ontogeny. “One thing at a time” is nature’s rule. 
Similarly the ontogenetic history of the Centrodorsal is a physical necessity 
if one plate is to be made by the amalgamation of a number (cf. development 
of vertebrae, pore-plates of Echinus , &c.) ; and the other recapitulative 
features of the ontogeny (arm-development &c.) are examples of other 
necessities of differentiation, since you cannot get 2, except by duplicating 1, 
Adult recapitulation demands that the arm-branches should extend to the 
full length of the arms (as in Gyatbocrinoids) before they reduce themselves 
alternately to the dimensions of pinnules. This they do not do. They 
the shortest route to their goal, so far as constitution, not ancestry, will 
allow them. 

But these discrepancies with phylogeny are trifles beside the phenomena 
of development of the Oral and Radial plates. In the whole senes of adult 
ancestors from Cambrian times to the present, not one possessed Oral plates 
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which rested on the Basal s ; nor, if we overlook this developmental modifi- 
cation, did one of those ancestors in its adult condition ever possess Orals 
which were hinged to the itadials on the edge of tho cup, capable of opening 
and shutting over the entire disk like the valves oE a trap-door (Bather, 
fig. xxxiii. ; Mac Bride, 1914, figs. 408-410). Where does the sure, frail 
“ Ariadne-thrcad” conduct us now? If no fossil evidence were avail- 
able, anyone who should attempt to reconstruct the ancestral (Vinoid on 
the common einbryological assumption that the stalked larva of Antedon 
represented an ancestral adult stage would go inevitably astray, as many 
havo done already in spites of palaeontological knowledge *. For the 
remarkable thing is that several existing (Jrinoids possess an arrangement of 
oral valves in the adult precisely or closely similar to that of the larval 
Antedon (/folopus, l.c. xxxiv. ; Hyocrinus , Sedgwick, 1909, fig. 209 : Thau- 
matocrinus , Carpenter, 1881, pl>. iii., vi., Ivi.). The relations of the oral 
plates in Antedon to the vestibular roof of the larva, as well as the 
temporary suppression of Itadials, are clearly cenogenetic ” features. 
If a vestibule was a feature in tin* development of the earliest (Vinoids, 
the oral plates must have been deposited beneath its floor, and not in 
its roof. Their relation to the roof (which alone enables them to split 
apart, and function as valves) is an embryonic imitation. It is, therefore, 
scarcely open to doubt that the condition of the oral valves in the adult 
Ilolapus (and Hyocrinus ?) is due to the retention of a feature that was 
purely embryonic, not adult, in origin, and that, in this respect, these 
interesting (Vinoids are as “ pantamorphic as any Perenni branchiate 
Amphibian. 

This brings me to my last point. When the common argument is urged 
that the stalked larva of Antedon recapitulates v the adult stage of its 
stalked ancestors, it seems to he forgotten that -every type of Pelmatozoan, 
from pra)-( Cumbrian Cystids to tho present time, must also have possessed a 
tiny fixed stage of simple structure following a free-swimming larval life, 
and that tho main features of the skeleton must have boen laid down in that, 
or a still earlier, stage of its ontogeny. It follows from what has been said 
tliat the modern Pentacrinoid larva of Antedon is a modification of the 
corresponding stage of the ancestral ontogeny, not of the adult stage, and 
that the adult Antedon is not an addition to tho ontogeny of any preceding 
Crinoid, hut just a modification of the adult phase of the same ontogeny — 
partly by loss ( e.g . anal turret and plates, Oral plates, stalk, &c.), partly by 

* I 3 . II. Carpenter (1884, p. 145) compared the vestibulate condition of Antedon with 
the Cnmerate condition of Hapberinm (Bather, xxxv.) and the Plutycrinidee (l.c, xl.). It 
is ft tempting suggestion, especially as the Carboniferous Platycrinidae possessed bifasciate 
oval stem-ossid$s. Hut these types are Monocyclic ; the relations of the “ Orals M are only 
superficially similar, and it is very doubtful if these plates are other than enlarged “ proxi- 
mal ambulacrals ” (see Bather, pp. 127-129, and tig. xli.). 
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elaboration of pre-existing structures (arms, stem-ossicles). Nature does 
not build up a new type by addition or abstraction of “stages," but of 
organs, or parts of organs *. Moreover, when she makes a change, she does 
not do so by altering these organs, or parts of organs, when fixed or rigid, 
but when plastic and growing. In particular eases this may be late in life, 
but it is not usually so, and it is not likely to have been so with respect to 
the patinal skeleton of the Crinoids under consideration. The Anal plate 
within the circlet of Radials in a feature inherited from earliest Silurian 
ancestors. It is claimed to “recapitulate” an adult feature of those 
ancestors. I submit that no Anal or other plate was ever interpolated within 
the patina except in the formative stage of growth when the Radials them- 
selves were loose and unsutured. The first Anal plate that entered the 
Radial circlet from the disk (if that was its origin) must have done so as the 
result of an embryonic, not an adult, mutation. Once let the towering ana) 
chimney of an adult Dendrocrinoid (cf\ Bather's fig. iii.) effect a breach in 
the wall of the patina, and the whole cup would split asunder. Nature 
underpins when it is safe to do so. She usually builds the foundation first 
and the superstructure afterwards. 

16. The following summary, omitting illustrative detail, recapitulates in 
closer logical sequence the chief points of this attempt, to re-define the 
foundations of Morphogenetic Law. 

Recapitulation. 

I. Ontogeny is the sequential expression of zygotic powers of cell-division 
through simple to complex grades of cell-grouping and differen- 
tiation, 

II. Phylogeny is the procession of ontogenies along a given pliyletic line 
of modification. It is expressed in terms of adult structure, but 
the zygotes of successive ontogenies have also undergone a parallel 
elaboration of nuclear or cytoplasmic structure, or of both, which 
determines the sequence of the ontogenetic form-changes. 

III. The phyletic succession of adults is the product of successive onto- 

genies. Ontogeny does not recapitulate Phylogeny : it creates it. 

IV. An individual confronts the world before his ontogenetic processes 

are completed, and often at a very early period of his life-cycle. 
Only those individuals reproduce who have survived the ordeal of 
larval conditions. Adaptation of the larva accordingly plays a 
prime partin determining the modification of successive ontogenies. 

• Cf. Weismann (1904, ii. p. 174): " it is impossible to compare a particular stage 

in the embryogenesis of a species with a particular ancestral form. Only the stages of 
individual organs can be thus compared and parallelized.” 
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V. The life-cycle is extended, not by addition of a new adult stage at the 
end of the old adult stage, but by further differentiation of organs 
or parts of organs. Old adult characters are eliminated from the 
ontogeny unless required as temporary bases for the new characters. 

VT. As the individual, through all tho form-changes of his life-cycle, is an 
evolutional and functional unity, modifications manifested in his 
larval or adult phases involve co-ordinating changes in the more 
p.tssive and formative phases (embryonic, post-larval, pupal stages). 

VII. Thus, while a given ontogeny, under normal conditions, tends to 
repeat the form-sequences of its predecessors, it is liable to changes 
in every part of the life-cycle — positively, hj' equipping the larval 
and adult stages for the changing conditions of their various careers, 

• or with greater efficiency for the same conditions, and negatively, 
by abbreviating I he formative processes to the uttermost. 

VIII. The idea that form-changes in ontogeny were preceded hy similar 
changes in adult ancestry is an illusion, since adult Metazoan 
ancestors never directly gave rise to their successors, bnt to gametes : 
and these, blended with other gametes, were the real heralds of 
successive ontogenies. Plainly the first Metazoan was not produced 
by a Metazoan. He. was the result of a Protozoan ontogeny, the 
tour de forre of a genius among Protozoan zygotes. The first Bird 
was hatched from a Reptile's egg. We can speak of earlier and 
later, original and modified, ontogenetic processes ; but the possi- 
bility of a distinction between ancestral and ontogenetic processes 
is out of the question. All changes are ontogenetic. 

IX. In the same way the contrast between 44 palingenetic ” (repetitive of 
adult ancestry) and 44 cenogenetic (foreign or non-repetitive) 
characters, which was originally based by Haeckel oil an assumed 
hereditary difference between adult changes and embryonic adap- 
tations, has lost its significance. Both types of character were of 
ontogenetic origin, and equally hereditary, but the one set arose 
earlier in the phyletic history than the other. Morphology \\ ill not 
reeovor exactitude of outlook until it is entirely freed from the 
hypnotic influence of Haeckel's terminology. I propose in future 
to use pakeoyenetic and neoyrnetie when referring to ontogenetic 
processes, and patwomorphic and neomorphic when contrasting 
primitive and modified types of structure. 

X. There is a general correspondence between tho successive grades of 
differentiation in ontogeny und the successive types of organisation 
which characterise the steps of phyletic progress (Meckel's 
law). This general correspondence exists because each series — the 
ontogenetic and the phyletic — was preceded and caused by the same 

7 * 
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phylogenetic series of ontogenies. The outcome of eacli successive 
ontogeny was an adult representative of one of the successive types 
of organisation. The last ontogeny of the whole series is the one 
under consideration. Inevitably there is recapitulation of succes- 
sive grades of differentiation, but repetition of adult ancestral 
stages is necessarily and entirely lacking. Ontogeny is not an 
animated cinema show of ancestral portraits ; but zygotes may be 
likened to conjurers playing the old tricks for the most part, and 
occasionally opening a surprise packet — nor do they always keep 
their novelties back until the end of the performance, as Antedon 
and Holopus bear witness. 

In other articles I propose to deal with the origin and significance of larval 

forms, and to draw attention to some further examples of the influence of 

larval characters upon adult organisation, to which T apply the term “Paxlo- 

morphosis.” 
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On the Terrestrial Isopod Kluma vwlatum (Miers)=pwry>#/ ravens, Budde- 
Lund. By Walter B. Colling e, D.Sc., F.L.S., Reaper of the 
Yorkshire Museum, York. 

(Plate 8.) 

[Head 15th June, 1922.] 

The genus Elmna was described by Budde-Lund * in 1885 for a species of 
Terrestrial Isopod which he named E. pur pur wens. The description of 
both the genus and species is imperfect, and no figures accompany it. 

As a doubtful synonym Budde-Lund gives the Armadillidium codatum of 
Miers, which was described and figured by Miers in 1877 from specimens 
obtained at Cayenne, French Guiana, South America t. 

A careful comparison of the description and figures, both imperfect, 
with specimens received from Mr. L). R. Pack-Beresford, from the Hill of 
Howth, Co. Dublin, Ireland, leaves no doubt, in my mind, as to the identity 
of Miers’s species with these. 1 1 is specific name ctvlatum therefore has 
priority, and must replace that of purpurascens. 

Neither Miers or Budde-Lund gave any figures of the structure, and their 
references are very brief and in some points scarcely accurate ; I am there- 
fore venturing to redescriln* and figure the genus and species. 

Mr. Pack-Beresford } figures the external appearance of this species, but 
his illustrations are not correct in all details. Verhocff§ has given two 
figures of parts of the exoskeleton. 

The Wtacodes inseriptus of Koch ||, regarded by Dollfus and Budde-Lund 
as a synonym of Tt/los latnillei , Aud. & Sav., was thought by Eaton If to be 
referable to this species. 

ELUMA, Budde-Lund. 

Body oblong-ovate, strongly convex, setose, and closely and minutely 
punctured. Cephalon strongly marginatc, with median aud lateral lobes ; 
epistoine with sloping dorsal portion and keeled. Eyes simple, very small. 
Antennulce small, 3-jointed, terminal joint conical. Antennae somewhat 
short, flagellum bi-articulate. Pleural plates of mesosomatic segments 2-7 
slightly excavate anteriorly, ventral margin indentatc on segments 2-4, trun- 
cate on 6-7. Ooxopodite of first segment separated from the pleuron and 

* Crust. Isop. Terr. 1885, p. 48. 

t Proc. ZooL Soc. Lond. 1877, p. 665, pi. 67. figs. 3 -3 b. 

% Irish. Nat. 1908, p. 255, pi. 10. 

§ Arch. f. Riontologie, 1908, Bd. ii. p. 371. 

|| In ilosenbauer’s * Die Thiere Andalusians/ 1850, p. 422. 

V Ann. & Mug. Nat Hist. 1882 («. 5), voJ. x. p. 360. 
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forming a notch on the posterior margin. Telson triangular, width greater 
than the length, not extending beyond the uropoda. Uropoda short, extend- 
ing slightly beyond the telson ; hasipodite robust, thickened, antero-dorsal 
surface expanded, articulating ventro-anteriorly ; exopoditc flattened, ex- 
panded, laminate : endopodito styliform, elongated. 

This genus is undoubtedly most nearly related to the genus ArmadiUidinw , 
Brandt, as is readily seen in the form of the body generally, in the structure 
of the cophalon and its appendages, and in the form of the uropoda and 
telson. It differs, however, from Annadill'alium in the following characters : — 
The cephalic lobes are more feebly developed and the epislmnc is koelcnl in 
the middle line, and has a sloping dorsal portion, and auricula-shaped pro- 
minences above and lateral to the antennal sockets; the eyes are small and 
simple ; the pleural plate of tin* iirst mesomatie segment exhibits a notch on 
the posterior angle formed by the protrusion of the eoxopodito ; finally the 
uropoda extend beyond the telson. 

In the sloping dorsal portion of the epistomo and In the form of the first 
mesosomatic segment, there is a resemblance to the condition found in certain 
South Africun Oubarkhc. 

Eluma ojelatiw (Mien). (PI. 8. figs. 1-12.) 

ArmadiUitlium c&latum, Micro, Proe. Zool. Soc. Loud. 1877, p. 065, pi. 07. figs. 8-3/#. 

Eluma purpurascmiSf Budde-Lund, Prosp. gen. spec. Crust. I sop. Terr. 1879, p. 0 ; 
Crust. I sop. Terr. 1885, p. 48. 

„ „ Dollfus, Ann. .Soc. Espan. Jlist. Nat. 1892, xxi. p. 164; 3 Con- 

gres Inter. Zool., Leyden, 1895, p. 057; Mtfin. Soc. Zool. 
France, 1900, ix. p. 528. 

„ „ Norman, Ann. & Mug. Nat. Jlist. 1899 (s. 7), iii. p. 69. 

„ „ Yerlioclf, Arch. f. Bioutologio, 1908, ii. p. 371, t. 31. 

tigs. 08, (59. 

„ „ Fflck-Beresfonl, Irish Nat. 1908, p. 255, pi. 10. 

„ „ Pack- Beresf old & Foster. Proc. Iloy. Irish Acad. 1911, xxix. 

(s. 11;, p. 185, pi. 8. figs. 4 a-b. 

Eluma caelatum , Colliuge, Check-List Brit. Terr. Inop. 1917, p. 115. 

Body oblong-oval, strongly convex, smootli and somewhat shiny, minutely 
punctured, clothed with short, thick seta*. Cephalon (figs. 3 & 2) strongly 
marginate anteriorly, median lobe extending beyond the lateral lobes, which 
are small ; epistome with sloping dorsal portion and keeled in the median 
line, with auricula-shaped prominences above and lateral to the antennal 
sockets. Eyes simple, very small. Antennuhe (tig.il) small, 3-jointed, with 
three or four short sette on the side of the third joint. Antenna', (fig. 4) 
somewhat short, 1st joint small, 2-4 almost subecpid, 5th elongated ; flagellum 
Inarticulate, proximal joint less than half the length of the distal one, witli 
fine terminal style. First maxi Ike (tig. 5) wifh the outer lobe terminating in 
ten spines, the first three of which are strong and curved, the 4tli, 5th, and 
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fith smaller, the 7th a long fine spine, 8th and 9th very small, 9th and 10th 
faintly denticulate, setose on the outer border of the lobe; inner lobe pro- 
longed on the outer side terminally, with two short sotose spines. Maxilli- 
podes (fig. C) with comparatively small lobes, outer lobe 3-jointed, 1st joint 
short, with two large spines, 2nd joint also with two large spines, 3rd joint 
terminating in a number of spinous processes ; inner lobe with a single long 
pointed spine, and two tooth-like spines towards the inner border. The seg- 
ments of the inososomc (figs. 7-9) strongly convex, subequal, pleural plate 
of the 1st segment Hanking the cephalon, anteriorly, strongly curved, lateral 
margin thickened, posterior angle notched. Pleural plates of 2nd to 7th 
segments excavate anteriorly, ventral margin of 2nd to 4th indentate, (Jth to 
7th truncate. Uropoda (figs. 10 & 11 ) short, but longer than wide, extend- 
ing beyond the telson ; basipodite robust and thickened, an tero-dorsal surface 
expanded, articulating ventro-anteriorly ; exopodite flattened, expanded, and 
laminate, protruding on the inner side : endopodite styliform, longer than 
the exopodite, widest just above the middle, with terminal setaceous pad and 
spinous seta*. Telson (fig. 12) roughly triangular, with rounded apex, width 
greater than the length, not extending beyond the pleural plates of the last 
segment of the metasome. 

Length 11*5 mm. 

Colour (in alcohol) a light coffee-brown. 

I fab. Hill of Howthj Co. Dublin, Ireland (/>. It. Pack- Her enfant). 

In the figure given by Mr. Pack-Beresford (op. cit. pi. 10) the distal 
joint of the flagellum of the antenna* is too short and no style is shown, 
whilst the pleural plates of the metasome are scarcely long enough ; further, 
the last segment extends more posteriorly than is shown in his figure (cf. 

PI. 8 . fig. 12). 

The distribution of this species is as yet only very imperfectly known. It 
was originally described from Cayenne, French Guiana, South America. 
Budde-Lund * says it is “commonest in the Island of Madeira." . . . I 
have seen some from Cayenne taken by Don Geiski." . . . “Two specimens 
taken by Professor Reinhardt in the Island of Nicobar, and determined by t 
01. Kriiyer under the name of Annadiltidinm purpurascens , are preserved in 
the Museum at Copenhagen.” 

Dollfus § records it from many localities. He states : — “The genus Kluma 
is entirely Western, and contains only one species, K. purpuraseens , B.-L., a 
woodlouse of a purple-red colour, remarkable for its simple eyes. Very 
abundant in the Atlantic archipelagos, in the Canaries, the Azores, and 
Madeira ; it occurs again at Ointra (Portugal), and in Western Algeria, but 

* Crust. Isop. Terr. 1885, p. 48. 

t Mr. Pack-Beresford (op, cit . p. 257) translates this described by. 

t Dr. K. Stephenson has very kindly referred to these specimens and sent me notes thereon. 

$ 3 Congas intern. ZooL, Leyden, 1895, p. 357. 
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the most carious fact about it is its range northwards to the French Depart- 
ment of Les Charentes, where it is acclimatised from Angoulime to Royan 
(very common twenty years ago in this locality, it has become much rarer 
lately), and southwards to Cayenne ! ” (The Cayenne here quoted would 
appear to be in France, and must not Ite confused with Miers’s original 
locality.) The same author records it from ( !onstantina in the Sierra Morena 
(Spain), and states, with reference to the record for the French Department 
of Les Charentes “oh il a etc certaincment introduit,” but gives no reason 
for this supposition. 

Norman t records it from Madeira, where he found it “up to hoights of 
between 2000 and 3000 feet.” 

Finally, Mr. Paek-Beresford (op. cit.) has recorded it from the Hill of 
llowth and Portmarnoek, Co. Dublin, Ireland. 

The allied species E. Itelleri , Verhoeflf, is from the Island of IVncriffe. 


EXPLANATION OF PLATE 6. 

Illustrating Dr. Walter E. Mollinge’s paper “ On the Terrestrial Lopod liluma 

catatum (Miera).” 

Bluma welatnm (Miers). 

Fig. 1. Dorsal view of the cephalon. xlO. 

2. Anterior view of the eepkalon. x 75. 

3. An ten nule. xllO. 

4. Right anteima. 

5. Terminal portions of the inner and outer lobes of the right first maxilla. x5(>. 

6. „ portion of the left maxillipede. x 66. 

7. External view of the pleural plate of the first nieeosotnntic segment. 

8. Internal view of the pleural plate of the first mesosomatic segment. 

9. „ lateral portiou of the second mesosomatic segment. 

10. Right uropod, dorsal view. 

11. „ * „ ventral view. 

] 2. Last metasoniAtic segment and telson. x 8. 

The Author desires to thank the Carnegie Trust for the Universities of 
Scotland for a grant to defray the artist’s charges. 

* Ann. Soc. Espau. Hist. Nat. 1892, xxi. p. 164. 
t Atm. & Mag. Nat. Hist. 1899 (s. 7), iii. p. 69. 
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On two new Terrestrial Isopods from Madagascar. By Walter E. Collinge, 
D.Sc., F.L.S., Keeper of the Yorkshire Museum, York. 

(Plate 9.) 

[Read 15th June, 1922.] 
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I. Introduction. 

For the privilege of examining the very interesting specimens of Terrestrial 
* Isopods here described, I am indebted to the kindness of my friend Dr. W- 
T. Caiman, of the British Museum (Natural History). The material was 
collected in Madagascar in 1911 by the Hon. Paul A. Methuen. 

There is a single specimen referable to the genus AHonismts^ Dana, not 
hitherto described, remarkable for its great size; and a further very interest- 
ing new species, for the reception of which 1 have constituted a new genus, 
to which I have given the name of Calmanesia in honour of Dr. W. T. Caiman. 


II. The Isopodean Fauna of Madagascar. 

Very little attention has been paid to the Terrestrial Isopods of Madagascar. 
Budde-Lund (3) has described certain species in the collection of the Berlin 
Museum. Dollfus (8) in 1889 described the Porcellio cristatus, placed 
by Budde-Lund in the genus Lyjwobius and later in the genus Nagara. The 
same author iu 1895 ( 9 ) described a further series of species, amongst which 
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there were four new species of Allomscus ; these Budde-Lund placed in a 
new genus, JMacara , for reasons which are not altogether clear ; there are 
certainly slight differences in the form of the uropods, but these are scarcely 
sufficient to warrant generic distinction. In 1908 ( 4 ) Budde-Lund published 
his memoir on the Isopoda of Madagascar and East Africa, in which he 
described and partly figured nine further new species, re-describing and 
partly figuring other known forms. No figures, however, are given of 
Perisryphops praconius and Armadillo liorrid us . According to this author, 
there are known from Madagascar thirty-two species referable to twenty 
genera. 

If, as is generally supposed, Madagascar represents a part of a great sub- 
merged southern continent, then wo should expect to find representatives of 
South-Eastern and South-Western genera, but whether owing to long isolation 
these forms havo changed or died out, it is remarkable that the bulk of the 
known forms show affinities rather with Northern forms than with Southern 
ones, and they further seem to have little relationship with the South African 
genera. Hitherto no genus has been found peculiar to Madagascar; the new 
genus Calmanesia here described, is therefore of more than usual interest. 
Until, however, we know much more of the fauna of this island, it is futile 
to speculate. 


Ill- Description of Alloniscur nacrevs, sp. nov. 

Alloniscus, Dana . 

This genus as yet is only imperfectly understood, and the members are 
subject to a wide range of variation. It occurs in North and South America, 
India, Siam, the Malay Peninsula, South Africa, Sumatra, Java, and the 
Maidive, Hawaiian, Nicobar, and Celebes Islands. Arhina , Collge. (6) is 
a closely-allied genus from India. 

01 the twenty-one described species of Alloniscus , seven are known to 
occur in Madagascar, viz.: A. alluaudi, Dollf., A. elegant , Dollf., A. guttatus , 
Dollf., A . tigris , Dollf., A. brevis , Budde-Lund, A. pallidal us , Budde-L., 
and A, pigmentatus, Budde-L. 

Alloniscus nacreus, sp. nov. (PL 9. figs. 1-12.) 

Body broadly oval, strongly convex, irregularly pitted, finely sculptured 
on each side of the mesosome. Cephalon (figs. 2 & 3) medium size, convex 
above, frontal margin distinct, lateral lobes small ; epistome slightly de- 
pressed, with prominence between the antennae. Eyes oval, dorso-lateral. 
Anteunulse (fig. 4) small, curved, and 3-jointed, the terminal joint with 
a number of bristle-like setae on the inner side. Antennae (fig. 5) short, 
joints gradually enlarging from the 1st to 4th, 5th joint elongated and more 
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slender ; flagellum 3-jointed, with short terminal style. First maxillae 
(fig. 6): outer lohe terminating in four stout spines and six smaller ones, with 
stout setm on the outer margin of the appendage. Second maxillae (fig. 7) 
thin and plate-like, with terminal bifurcation, densely setose. The segments 
of the inesosome are strongly convex and finely pitted, with lateral sculptur- 
ing ; pleural plates with terminal margin more or less truncate, posterior 
margin of the 5th, Gth, and 7th slightly produced backward. Maxillipedes 
(fig. 8) rather narrow ; outer lobe 3-jointed, with two spines on the first joint, 
two tufts of spines on the second, and a single terminal tuft on the third ; the 
inner lobe is somewhat conical and surmounted with numerous small set re. 
Appendages of mesosome (fig. 9) stout and strongly spinous. Metasome 
comparatively small, segments 3-5 with pleural plates directed backward and 
inwards. Uropoda (figs. 10 & 11) short, extending beyond the telson, basal 
plate sparsely covered with seta? ; exopodite sickle-shaped ; endopodite 
slender, terminating in three long seta?. Telson (fig. 12) triangular, lateral 
margins slightly rounded, apex subacute, with slight depression above. 

Length 19 mm. 

Colour (in alcohol) creamy white. 

Hah. Tamatave, Rust coast of Madagascar (llerschelf ft C hauvin ). 

This fine species is the largest member of the genus yet de>cribed. Apart 
from this feature, it conforms with tin 1 essential characters of the genus. 


IV. Description of the Gents Calmanesia. 

(Jalmanesia, gen. nov. 

Body oblong-oval, capable oE partly rolling into a ball. Segments of 
mesosome and metasome with a series of long-jointed spines. Cephalon 
with lateral and median lobes. Antennulue very small. Antenna? elongated : 
flagellum 2-jointed. Pleural plates, excepting those of the first segment, 
drawn out into a long spinous process. Uropoda small and without endo- 
podites. Telson short and obtuse, not extending beyond the uropoda, 

Calmanesia methueni, sp. nov. (PI. 9. figs. 13-25.) 

Body oblong-oval, covered with elongated jointed spines. Ceplmlon (figs. 
14 & 15) short, slightly convex dorsally, frontal margin distinct, with lateral 
and median lobes ; seven spines on the dorsal surface : epistome slightly 
convex. Eyes situated dorso-laterally, facets few and largo. Antennuhe 
(fig. 16) small, 3-jointed, middle joint very small. Antennae (fig. 17) elon- 
gated, 1st joint small, 2nd and 3rd larger, 4th and 5th greatly elongated ; 
flagellum 2-jointed, distal joint rather longer than the proximal one, with 
terminal bunch of seta?. First maxilla? (fig. 18) : outer lobe with six short 
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spines, of which the outermost is the largest and has a short, stunted tooth- 
like body at its base; on the inner side is a single needle-like spine ; densely 
setose on the outer margin; inner lobe small, with two elongated setose 
spines terminally. Second maxillae thin and plate-like, setose terminally. 
Segments of the mesosome strongly arched, the 1st with eleven jointed 
spines and the remainder with seven ; pleural plates, excepting those of the 
1st segment, produced into long spinous processes. Maxillipedes (fig. 19) 
somewhat robust ; outer lobe 3-jointed, with two straight spines on the 1st 
joint, four on the 2nd, and one small one on the outer border of the 3rd joint, 
which latter terminates as a blunt process surmounted by a number of seta* ; 
inner lobe plate-like, with two small tooth-like spines and a single straight 
spine on the ventral face. . Appendages of the mesosome (fig. 20) compara- 
tively short. Segments of the metasome crowded together, 3rd, 4th, and 5th 
each with two jointed spines in the mid-dorsal line : pleural plates greatly 
elongated, directed backward and terminating in a finely drawn out. spine. 
Uropoda (fig. 24) extending beyond the telson, basal plate oval-sbaped, with 
a single appendage (exopodite) which terminates in a strong curved spine. 
Telson (fig. 25) somewhat triangular in shape, terminally obtusely pointed, 
with two 3-jointed spines and a small median papilla in front of these. 

Length 10 mm. 

Colour (in alcohol) creamy white with dark chocolate-coloured markings. 
Younger forms creamy white. 

Hah. Forest of Folohy, East Madagascar, 1911 ( Ilersvliell «$■ Chaurin) ; 
Analamazotra, Eastern Forest, June 1911. Under rotten logs (P. A . 
Metlvuen ). The specimens from the latter locality are evidently immature. 

a. General Form. — This is undoubtedly one of the most handsome and 
peculiar Terrestrial Isopods known, rivalling in both form and colour any 
species hitherto described. The long-jointed spines covering the mesosome 
and metasome and the drawn-out spinous pleural plates give the animal the 
appearance of some Coleopterous larva rather than a Crustacean. 

There is, I think, little doubt but that the members of this genus are 
capable of rolling themselves up into a ball like the Armadillidiidae. Apart 
from the fact that one specimen was found (in alcohol) so rolled up, the 
extreme mobility of the segments support such a view. 

The remarkable jointed spines on the body would seem to be a hitherto 
undescribed character in the Isopoda. I have been unable to find any 
reference to such in the literature on these Crustaceans. So far as I can 
make out from the material available, the spines first appear as small excres- 
cences on the surface of the segments (fig. 23, a ) ; these increase in size and 
later appear as ordinary spinous processes (fig. 23, h ); a little later they con- 
tinue to grow, a distinct joint forming at the base of the first period of 
growth (fig. 23, r), and this continues until, with the exception of those 
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on the cephalon and telson, where the spines are 3-jointed, they become 
4-jointed, the longest measuring 6*5 mm. (fig. 21). All the spines are 
covered with minute scales like the rest o£ the ho ly (fig. 22). There are 
seven spines on the cephalon, eleven on the first mesosomatic segment, seven 
on the second to seventh segments, and two on each of the last three meta- 
somatic segments and the telson. 

b. The Cephalon. — This is extremely narrow from before backwards and 
slightly convex. Anteriorly there is a well-marked marginal ridge which 
laterally develops into the two lateral lobes, and in the middle into the 
median lobe. Posteriorly the margin is deeply excavate, and from the middle 
tine a strong spine arises ; lateral to this there are a pair of spines on each 
side, and a single one on each side, slightly nearer the centre, in front of the 
former. All of these spines are 3-jointed. The e pistol no is slightly convex 
dorsally and distinctly so ventrally, whilst laterally the sockets for the 
articulation of the antennse stand out as conspicuous bodies. 

1. The Eyes are placed dorso-bitcrally ; they are of medium size and with 
few but large facets. 

2. The Antennulce (fig. 1(5) are small, and consist of an elongated basal 
joint, a tiny ring-like middle joint, and a gradually tapering terminal one. 
At the distal end of the third ioint and on the inner side are two blunt 
papillae 

3. The Antenna * (fig. 17) are greatly elongated. The first joint is small, 
and the second about two and a half times as long, the third is still longer 
and narrower, whilst the fourth and fifth are almost coequal and nearly as 
long as the second and third together. All the segments are covered with 
minute setse. The flagellum is 2-jointed, the distal joint being rather longer 
than the proximal one, and terminates in a bunch of elongate seta*. 

4. Oral Appendages (figs. It* & 19). — These afford very little assistance in 
placing this genus and species. The 2nd maxilla? and the inaxillipedes arc 
of the usual type. The 1st maxilla? in the form of the first tooth of the outer 
lobe differs somowhat from any other genus. 

c. The Mesosome. — The segments of the mesosome are strongly arched. 
There are eleven jointed spines on the first segment and seven on the 
remainder. 

1. The Pleural Plates of the first segment are broad plate-like bodies with 
rounded anterior and posterior angles ; anteriorly they bound the postero- 
lateral half of the cephalon. Those of segments 2-4 arc. somewhat triangular 
in shape, the apex of the triangle being drawn out iu a fine curved spine ; 
the whole of the plate is curved, the free spinous end bending upward. On 
segments 5-7 the plates terminate more abruptly before the commencement 
of the spine, and they are rather Hatter. 
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2. Appendages . — The walking limbs are comparatively short, and of a less 
robust type than in most genera of Oniscitke. 

d. The Metasome . — The segments of the metasome are crowded together, 
the 1st and 2nd being scarcely visible in a dorsal view and without pleUral 
plates. Of the remaining three the last is the smallest. The pleural plates 
are of a similar type to those of the last three metusomatic segments. There 
are a pair of jointed spines on each of the last three segments. 

1. Uropoda . — The uropoda extend beyond the telson. The basal plate is 
somewhat oval in shape and has a fold on its posterior side. Only a single 
appendage appears to be present, which is slightly longer than the width of 
the basal plate and terminates in a strong curved spine. I take this appendage 
to represent the cxopodite. 

2. Telson . — The telson is comparatively small, somewhat triangulnr in 
shape, and terminating in an obtuse point. It hears a pair of 3-jointcd 
spines and a median papilla anteriorly and between the bases of the spines. 

V. Affinities. 

The genus ( ' almanesia appears to he widely separated from any known 
genus, and at present we must leave it without attempting to relegate it to 
its proper position in the classification. 

Bibliography. 

1. Brandt, J. F. — Conspectus monographic Crustaceorum Oniscodorum 
% Latreilli. Bull. Soc. Imp. Nat. Moseou, 1833, vol. vi. pp. 71-193. 

2. Budde-Lund, G. — Crustacea Isopoda Torrestria. Haunia?, 1885. 

3. A Revision of “ Crustacea Isopoda Terrestria.” 1899-1904, 

pts. i.-iii., pp. 1-144, t. 1-10. 

4. Isopoda von Madagascar und Ostafrika. Voeltzkow*, Keise in 

den Jahren 1903-1905, Bd. ii. pp. 265-308, t. 12-18. Stuttgart, 

1908. 

5. Terrestrial Isopoda, particularly considered in relation to the 

Distribution of the Southern Indo-Facific Species. Trans. Linn. Soc. 

Lend., Zool. ser. 2, vol. xv. 1912, pp. 3C7-394, pis. 20-22. 

6. Collinge, Walter E. — Contributions to a Knowledge of the Terrestrial 

Isopoda of India. Part I. — Itec. Indian Mas. 1915, vol. xi. pp. 143- 

151, pis. 4-12. 

7. Contributions to a Knowledge of the Terrestrial Isopoda of 

Natal. — Part I. Ann. Natal Mus. vol. iii. 1917, pp. 567-585, 

pis. 40-42. 

8. Dollfus, A. — Sur quelques Isopodcs du Musee de Leyde. Notes fr. 

Leyden Mus. vol. xi. 1889, pp. 91-94, t. 5. 





•SCAR. 




NEW TERRESTRIAL ISOPODS FROM MADAGASCAR. 


113 


9. Dollfus, A. — Tsopodes terreslres recueillies a Diego-Suarez,aTainatave 
et ala Reunion. M&n. Soc. Zool. Franco, 1895, T. viii. pp. 180-188, 
figs. 1-12. 

10. Voyage de M. E. Simon dans PAfritpie australe. Ibid . pp. 345- 

352, figs. 1-9. 


EXPLANATION OF PLATE 9. 

Illustrating Dr. Walter E. Oollinge’s paper “On Two uew Terrestrial Isopods 

from Madagascar/ 1 

Fig. 1. Dorsal view of Alloniseus tiacreus, sp. nov. x 3. 

2. „ „ the cephalon. x 12. 

3. Anterior view of the cephalon. X 1 2. 

4. Left antennule. X 50. 

5. Right antenna. X 20. 

0. Terminal portion of the inner lobe of the left l»t maxilla, ventral view. X 80. 

7. „ „ left 2nd maxilla, ventral view, x HO. 

8. „ „ right maxillipede, ventral view. X 80. 

9. Second thoracic appendage, dorsal view, x 25. 

10. Ventral surface of the terminal portiou of the 2nd thoracic appendage, showing 

spinous area. X 25. 

11. Dorsal view' of the right uropod. X 25. 

12. „ „ the telson and last metastoma! ic segment. X 10. 

13. Dorsal view of Calnumesfa met/nivni, gen. et sp. nov. x 0. 

14. ,, the cephalon. X 20. 

15. Anterior view of the ceplialou. x 20. 

10 Left antennule. x 80. 

17. Right antenna, x 20. 

18. Terminal portion of the inner and outer lobes of the right 1st maxilla, ventral 

view, x 80. 

19. Terminal portion of the right maxillipede, ventral \iew. x 75. 

20. Second thoracic appendage, dorsal view. X 20. 

21. Jointed spiue from off the mcsosome. X 20. 

22. Portiou of same, showing the scales, x 80. 

23. ad. Stages in the development of one of the jointed spines. 

24. Dorsal view of the right uropod. X 50. 

25. Terminal segment of the metasome and tel son, seen from the anterior, x 20. 

The Author desires to thank the Carnegie Trustees for the Universities of 
Scotland for a grant to defray the artist’s charges. 
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On the Mouth-parts of the Shore Crab. By L. A. Borradatle, Rc.I). 
Fellow and Tutor of Selwyn College, Cambridge, and Lecturer in 
Zoology in the University. (Communicated by Professor E. S. 
Goodrich, M.A., F.R.S.) 

(Plates 10, U.) 

[Read 6th April, 1922.] 

I. 

The organs which stand about the mouth of a Decapod Crustacean make up 
a complex as intricate as any that is to bo found in the Animal kingdom. 
They are also extremely important to their possessor, for without them the 
animal can neither feed nor breathe, and to one of them falls, at least in 
many cases, the duty of keeping clean the indispensable organs of special 
sense. Yet they are at present but little understood. 

In a study upon the Common Prawn, published in 1917 (5), I endeavoured 
to solve the problem which the morphology of these organs presents, and 
made a .beginning with the investigation of their working. This paper 
contains an account of some observations upon Cardmts mwna a species at 
the other end of the decapod series. 

The term “ mouth-parts 99 denotes, in the Crab, a number of organs which 
stand upon the under side of the body, in the region which is bounded behind 
by the anterior edge of the mass of fused postoral sterna, at the sides by the 
edge of the inturned carapace where this encloses the exhalent passage of 
the gill-chamber, and in front by the fused antennal and mandibular sterna 
(epistomo). The sterna of the maxillularv to second maxillipedal segments 
inclusive are more intimately united with one another than those of the legs; 
and they form a mass, roughly triangular with the apex forwards, that 
stands out steeply from an area, in front of and beside it. which is covered 
by a thin cuticle supported upon the pieces of the endophragmal skeleton. 
It is upon this area that the mouth-parts are inserted. They are : the six 
pairs of limbs from the mandibles to the third maxillipeds inclusive, the 
upper lip or lahruui, the *ower lip or metastoina, and the fleshy opening of 
the mouth itself. 1 propose to describe ill succession each of these parts and 
its movements, and then to discuss the functions of the complex as a whole. 


II. 

1. The Third Maxilliped is built upon the plan of the legs. This statement, 
by a phenomenon often seen in serially homologous structures, is true even of 
features — such as the fusion of the basis and ischium and the nature of the 
articulation of the joints — which cannot be supposed to have existed in the 
schizopod ancestor whose thoracic limbs were not differentiated from one 

8 * 
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another. The limb is a broad structure, flattened in that direction which is 
morphologically antero-posterior, and widened from side to side. In what 
may be called the normal position it is turned forwards till its wide plane 
passes the horizontal and slopes a little upward in front. In this position it 
meets its fellow on the middle line, and the two form an operculum which 
almost wholly encloses the mouth-field, abutting behind on the sterna, at the 
sides upon the odgo of the carapace, and in front upon the epistome save in 
the middle, where a gap is left through which the gill-stream can flow even 
when the operculum is most tightly closed. Each third maxillipod articu- 
lates ventral ly with the hinder angle of its sternum, and dorsally (anteriorly) 
with the epimerite of its segment. 

The co t ra is of oval transverse section. Its proximal rim bears on the 
under side the knob wdiich makes articulation with the sternum, where it is 
received by a saddle-shaped hollow between two processes. Adjoining this 
is a facet on the median surface of the joint, which works against the 
external (antero-laternl) face of the sternum. On the dorsal side the rim 
bears a socket which articulates with a correspondingly shaped process of the 
epimerite. On the outer side the coxa has a backward-curving flange, to 
which, by a flexible suture, is hinged the cjnpodite. This organ has a stout 
base, which bears on the dorsal side the small podobranch,and a long, blade- 
like process which, diving under the edge of the hranchiostegite, enters the 
gill-chamber and passes between the posterior arthrobrnnch of its own limb 
and the anterior arthrobranch of the cheliped, to lie between the gills and 
the side of the body. The whole organ, and the flange upon which it is 
borne, is spirally twisted, so that, starting in the horizontal plane in which 
the main part of the limb lies below' the mouth, it ends in a vertical plane 
against the flank. The flange and the base of the epipodite stand in that 
gap, between the anterior face of the coxa of the cheliped and the brancliio- 
stegite, which is the anterior inhalent opening of the gill-chamber; and t-lieir 
twisted shape bears such a relation to the opening that when the maxillipeds 
are in the normal position they lie across it and almost but not quite close it, 
but when the maxillipeds are divaricated, the epipodjtes lie in the midst of 
the opening, with their flat sides parallel to the stream, to which they offer 
little opposition. The part of the opening which is covered when the 
maxillipeds are approximated is the anterior. The extent to which the 
hinder part remains open varies .with the position of the cheliped. 

The basis and ischium are fused, though traces of their junction usually 
remain in the form of a groove. By this it is shown that the basis is a small 
region which in width makes the transition from the stout coxa to the flat 
ischium, and in position fills a triangular gap between them, due to the feet 
that the ischium is displaced to the median side of the coxa. The free (median) 
edge of the basis abuts upon the edge of the stern nm, and continues the 
contact made by the facet upon the coxa. On the outer side the basis bears 
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the exopodite . The stem of this is a long, narrow, flattened structure, directed 
forwards between the endopodite and the branchiostegite, and bearing at its 
end a flagellum which is directed inwards above the mei us towards the middle 
line. The flagellum consists of a basal joint, and a many-jointed lash, 
curved with the concave side forwards. The exopodite stands at the junction 
oE hasi-ischium and coxa, and besides being articulated to the former is 
attached by membrane to the latter. 

The ischium is an oblong, roughly rectangular, and very flat joint, which 
makes nearly half the total surface of the limb. It is succeeded by the merus, 
a flat, subquadratc structure, stouter than the ischium and tilted a little 
outwards upon the latter. Owing to its stouter form it has a median face in 
place of an edge, and upon this face, which is hollowed, is set the carpus. 
That joint, with the two which succeed it, forms a subcvlindrical, tapering 
palp, which can be stretched out so as to be roughly in line with the axis of 
the basi-ischium and merus, but in the normal position is folded back against 
the hollow face of the merus. Tn this position the palps fill the gap which 
would otherwise be formed by the outward tilting of the merus, and thus 
complete the operculum. 

As has been mentioned, the mode of articulation of the joints is that which 
is found in the legs. At the proximal end of each, the rim of the hard 
cuticle is raised, at two points on opposite sides, into articular processes 
which, bridging over the arthrodial membrane, play against corresponding 
surfaces on the distal rim of the preceding joint ; and these articular 
surfaces are so shaped as to limit the movement of the distal of the two joints 
to a particular direction. Since, however, this plane is a different one in each 
joint, the limb as a whole has a good deal of mobility, though owing to its 
shape and position the third maxilliped is less freely movable than the legs. 
I have not thought it necessary to give details of the articulations of the 
several joints, but particulars of the movements they permit, will be found 
below. They are modifications of those of the segments of the legs. 

A remarkable feature of the third maxilliped is the way in which it is 
completely outlined with hairs , set along the edges of its flat surfaces. Most 
of these hairs are feathered in one way or another. They, are short where 
the edge is, in the normal position, apposed to some other structure, but long 
on that part of the anterior (morphologically external) edge of the merus and 
carpus over which the gill-stream flows. Along the median edge of the 
ischium there run on the lower (ventrally-facing) side two narrow parallel 
bands of hairs with a naked, convex strip between them. These hairs are 
stout, with a close, stiff feathering on all sides. The actual edge is finely but 
bluntly toothed. On the inner or dorsal (morphologically anterior) side of 
this joint there is a row of hair-tufts near the median edge, and a rather 
sparse band of hairs near the outer edge# The dorsal side of each of the last 
three joints is covered with long, and stiff, serrated bristles. The epipodite 
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is fringed on both edges with long hairs, and the ventral (hinder) surface of 
the flange of the coxa upon which it stands is very hairy. The flagellum of 
the exopodite bears a fringe of long, feathered hairs, many of them jointed. 
A more detailed description of the hair-system of this and other limbs of the 
Shore Crab is given by McIntosh (11). With its functions I will deal later. 

The cuticle of the third maxilliped, except the flagellum and the blade of 
the epipodite, is hard and pigmented, like that of the rest of the exppsed 
surfaces of tho body. In this respect it contrasts strongly with that of the 
other mouth-parts. 

The muscular system of the third maxillined closely resembles that 
described by Pearson (13) for the same limb of the Edible ( -rab, and I have 
not examined it further than was necessary to assure me of this fact. Each 
of the joints of the limb has a flexor and an extensor muscle, those of the 
coxa and basi-ischium arising from the endophragmal skeleton and being 
inserted by conspicuous tendons, those of the remaining joints arising each 
from the joint preceding that upon which it is inserted. The exopodile has 
flexor and extensor muscles for the stem, which they enter from the coxa; 
but the flagellum has an extensor onty, and must bo brought back into tho 
flexed position by its elasticity. The opipoditc possesses muscles, bul its 
most important movements are probably those which it carries out passively, 
under the action of the powerful muscles of the coxa. 

The action of the flexors and extensors of the coxa is to draw the whole 
limb to and from the normal position, in which its median edge meets that 
of its fellow on the middle line. In moving outward it passes a little 
veutrally, so that it clears the sub-branchial region of the carapace. This 
movement at the same time uncovers both the mouth-field and the inhalent 
opening of the gill-chamber, and sweeps the epipodite under the gills, as 
I will explain later. The movements of the basi-ischium are more 
complex. They may be analysed into: (a) a mo\ement to and from the 
middle line independently of the movement of the coxa, (h) a dorso-ventral 
rotation, like the letting down of a flap, (<•) a rotation about a longitudinal 
axis on the outer side of the limb, like the opening of a door, (d) a divarica- 
tion of endopodite from exopodite. This latter movement must be due to a 
contraction of the extensor muscle of the exopodite simultaneously with that 
of the flexors of the basi-ischium, for this bears the exopodite and tends to 
carry it in its owm direction. The other movements of this joint are more 
difficult to understand, since they seem to take place with a good deal of 
indeptMi deuce, and the muscular apparatus does not appear to be adequate 
for this. Actually, they are performed together, combined into a single 
sweeping movement whose direction is decided by the form of the articula- 
tion between basi-ischium and coxa, but a compensating movement of the coxa* 
can keep the edges of the two limbs together, so that they are let down as a 
flap without at the same time necessarily opening as a pair of doors, though 
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their planes are now directed obliquely and meet ventrally at an angle. The 
articulation is, moreover, not absolutely rigid, and the movements may there- 
fore perhaps bo modified by the small additional flexor muscle described by 
Pearson. The merus, of course, shares the movements with the hasi-ischium, 
but it is capable of a moderate amount of rotation upon its articulation with 
the latter. The rotation is oblique, from within outwards and at the same 
time dorso-ventrally. Tt is not conspicuous in the living crab, but it is used 
sometimes to lower only the distal half of the operculum, and sometimes to 
give free play to the movements of the palp. The joints of that organ can 
move upon one another, hut it is generally flexed or extended rather stiffly 
as a whole. It is so articulated that in extension it moves upwards as well 
as forwards. The flagellum of the exopodito is flicked outwards and inwards 
with very great rapidity, so that at (imes it cannot he followed by the eye. 
1 have already alluded to the movements of the epipodite. 

2. The <Sea>nd Maxilliped resembles the third in general plan, but differs 
from it greatly in appearance on account of the following features: — It is 
smaller, and its cuticle is thinner. In the endopodite , the basi-ischiopodite is 
short and its components are easily recognizable, t her merus is very long, and 
both, though flat, like the rest of the limb, are narrow. Actually they are 
narrower than the last three joints, which arc more flattened than those of 
the third maxilliped. The e.ropodite is as large as that of tho third maxil- 
liped, and much longer than its own endopodite. It is grooved to fit against 
the edge of the branchiostegite. The epipodite is not hinged to the coxa, 
and a supporting rod of chitin runs from that joint along its anterior edge. 
It hears a long podobrnnch, and its distal part enters the gill-chamber, 
passes between its own arthrobranch and the anterior arthrobranch of the 
third maxilliped, and lies, like the epipodite of that limb, within the gills. 
The second maxilliped has the same relations to the sternum and epimeva! 
reyiou as the third, hut is not connected with them by articulations like 
those of tho latter limb. 

The second maxilliped is not outlined with hairs like the third, but a good 
deal of long hair is developed upon it, especially on the hinder face of the 
basal joints, on the epipodite, along the outer and towurds the end of the 
inner edge of the merus, at the end of each of the last three joints, and on 
the outer edge of the exopodifo. The end of the last joint hears about eight 
very strong spines. The inner edge of the merus is not toothed. On the 
basal joints, and on the exopodite, the hairs are feathered. 

The musculature of the second maxilliped resembles that of the third, but 
the limb is more mobile. 

3. The First Maxilliped is a thin, flat limb, covered for the most part w r ith 
delicate cuticle, from which the majority of the articulations have dis- 
appeared. The coxa is a short, broad region, whose entity is established by 
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the presence, on the anterior side, of a rod-like sclerite, which runs across it 
and at its median end expands into the stout cuticle of a large, subpy rami dal 
endite. The apex of this ondite is directed dorsally, towards the mouth, and 
that side of it which is opposed to the sternum forms a facet, above the 
membranous attachment of the limb. At its outer end, the transverse sclerite 
articulates with the stout cuticle at the base of the epipodile, and that in turn 
makes articulation by means of a hard process with the epimerite. I have 
net been able to find a true articulation on the inner side of the limb. The 
epipodite, which lies outside the gills, is much expanded at its proximal end, 
especially in a triangular forward lobe. A strong tendon runs along it. 
The Inisipodite is represented by a soft region distal to the coxa. It bears on 
the median side a large, flat, forwardly projecting endite or lacinia, which 
has a curved outer and a straight median edge, and is a little concave 
dorsally (anteriorly), so as to fit over the surface of the mandible. Distallv 
the basis bears the ex opodite, which resembles that of the second maxilliped, 
and the endopodite , which consists of an un jointed shaft, flattened in a plane 
which faces obliquely outward and inward, with a triangular distal expansion, 
flattened in an almost horizontal plane and separated from the shaft by a not 
very flexible suture. This expansion completes in front the exhalent channel 
of the gill-chamber. Its median edge is turned ventrally and lies against 
the antorior side of the mandible. 

The limb is outlined with si out cuticle , which also passes along the sutures 
between the protopodite and the exopodite, endopodite, and endites. Its. 
relation to the sternal and epimeral regions resembles that of the second 
maxilliped, but at the base of fhe epipodite there lies, as has been men- 
tioned, a rather ill-developed articulation, which is not present in the limb 
behind it. 

A row of long, flexible hairs follows the outer edge of the exopodite, the 
distal and inner edges of the endopodite, and ihe outer edge of the large 
endite. On the inner edge of this endite the hairs are more numerous, 
shorter, and rather stouter. The proximal endite is covered with long hairs, 
all directed towards the mouth. On the exopodite, the inner edge of the 
endopodite, and the outer edge of the large endite the hairs are feathered. 

Flexor and extensor muscles of the coxa move the limb as a whole. The 
exopodite has a musculature like that of the third maxilliped, and the 
endites have muscles of their own. The epipodite has a system of three 
powerful muscles. 

The limb can he moved to and from the middle lino of the body, doubtless 
by means of the muscles of the coxa. In moving outwards it also travels a 
little backwards. The large endite makes independent movements, rotating 
forward-outwards and inward-backwards and thus with its edge describing 
an ellipse. Usually it moves inward-backwards towards the mouth when 
the rest of the limb is rotating outward-backwards, and thus the smaller 
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endite, which projects towards the mouth, is being drawn away from the 
latter. When the smaller endite comes forward into the mouth tho larger 
endite moves away from it. 

4. The Maxilla ( Second Maxilla ) is a very broad limb, flattened in its 
distal parts, but with a swollen nucleus representing the main part of the 
protopodite . This region bears on the outer side the large, quadrant-shaped, 
slanting exopodite or scaphognathite, distally the roughly-ogival, peaked 
endopodite, and internally the two cleft lobes , representing four endites, 
which characterise the maxilla of the Decapotla. I have already (5) sug- 
gested that the first of these endites belongs to a precoxal segment of the limb, 
the second to the coxa, and the third and fourth to the basis. The first cleft 
lobe is in ( 'arvinus reduced to a pair of narrow ribbons. The limb is covered 
with a delicate cuticle, thickened in places to form certain sclerites . Across 
the protopodite there runs on the ventral (morphologically posterior) face, 
from the junction between the cleft lobes to the base of the limb at its outer 
side, a raised ridge, strengthened by a sclerite which probably represents the 
coxa. At its outer end this abuts upon a longitudinal piece which caps the 
side of the swollen nucleus of the limb, and which is sutured to, but not 
definitely articulated with, the epimerite. More distally, the protopodite is 
crossed by an irregular M-shapcd, transverse ridge, strengthened by two 
sclerites, each of the form of an inverted V, which are hinged to one another 
where they meet at the apex of the M. This appears to represent the distal 
limit of the basis. On the dorsal (anterior) face of the limb a longitudinal 
ridge, strengthened by a sclerite which roughly corresponds in position to 
the outer member of the M on the opposite face of the appendage, partly 
separates exopodite from protopodite. On the anterior face of the scapha - 
gnathite are two sheets of stout cuticle, with thickened edges, which support 
it and provide for the insertion of the accessory muscles. The maxilla is 
seated upon the membranous body-wall, in front of the sternum, upon which 
it does not abut. It is attached by membrane only, except at its outer end, 
where, as mentioned above, one of its sclerites is joined by a flexible suture 
to the epimeral region. 

The hairs which in a prawn fringe the whole edge of the scaphognathite 
are here found at its anterior and posterior returning edges only. As in the 
prawn, they are feathered. The endopodite is fringed with long, silky hairs, 
bat these are feathered only at the base of the outer edge. The ends of the 
cleft lobes bear relatively short, and, for the most part, simple hairs. 

The swollen base of the maxilla harbours a complicated and relatively 
powerful musculature . According to Pearson (13), whose account is, I think, 
applicable to Carcinus , there are in Cancer two extensors and two flexors of 
the coxa, and four 44 extensors ” and four “flexors” of the scaphognathite. 
It would perhaps be preferable to call these muscles abductors and adductors 
respectively, since they draw the limb downwards from the side of 
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the body and upwards towards it. They arise from the endophragmal 
skeleton, and are inserted on the base of the seaphognathito. In its anterior 
part, the seaphognathito is crossed, at right angles to its long axis, by half-a- 
dozen bands of muscle, which, pulling downwards, curve its suriace. These 
are the “accessory muscles.” They arise from the selerites of the basal 
portion of the limb, and are inserted on the anterior of those which support 
the seaphognathito. A feeble strand of muscle runs across the base of the 
endopodite to the second cleft lobe, but independent movements of these 
structures, if they take place at all, are insignificant. 

The movement of the maxilla consists in a flapping of the seaphognathito 
to and from the roof of the exhalent passage of the gill-clmnibor. It is 
carried out in two ways, according as the current is being directed backward 
or forward. To drive the water forward, the posterior and outer end of the 
seaphognathito is smartly applied (presumably by the “outer flexors”) to 
the roof. Then the accessory muscles, which have been keeping the organ 
curved, allow the flexors to bring the remainder of it into the same position, 
with the undulating movement described by (xarsfang (8). Finally, it is 
drawn downwards by the extensors, being at the same time curved by the 
accessory muscles, so that it becomes concave towards the roof. To drive 
the water backward this procedure is reversed. The bending of the scaplio- 
gnathite which it involves is facilitated by the fact tnat the two supporting 
selerites of that organ are united by a flexible region. It seems possible 
that the function of the nyuscles of the coxa is to hold firm the protopodito 
when the accessory muscles contract. The lobes of the median edge of the 
limb may be seen to be drawn passively to and fro with each stroke of the 
seaphognathito. 

5. The Maxillule ( First Maxilla) is a small limb, flattened and curved to 
fit against the surface of the mundible, and composed of three inwardly- 
directed lobes — the inner and outer lacinia^ and the endopodite — and an 
external basal portion which unites them. It is usual to rogard the lacinia. 1 as 
representing the coxa and basis, but, as L have elsewhere argued (5), tho proxi- 
mal lacinia is probably the gnathobuse, or endite of the true first segment of 
the Crustacean limb, “the ‘ precoxa * or ‘pleuropodite/ which may or may not 
have originally existed as a free joint in every biram on s limb, but bus now 
nearly always disappeared, either by fusion with the trunk or with the second 
joint (coxa or coxopodite), or perhaps sometimes by exculation.” In the 
maxilla it is represented by one of the components of the first cleft lobe. 
This lacinia is narrow and strong, and curves backward and dorsally to enter 
the month, at the hinder end of the mandible. Its base is widened and is 
continued across the face of the limb as a ridge, covered partly with thin 
cuticle but supported by a sclerite, and projecting anteriorly. Towards its 
outer end this ridge turns backwards (posteriorly), with a suture in the 
sclerite which supports it, and dies away upon the stout articular sclerite, 



MOUTH-PARTS OF THE SHORE CRAB. 


123 


with which its sclerite makes a narrow articulation. The second segment of 
the limb, the true coxa, is represented by the region which connects the two 
lacinise. For the most part it is covered with soft cuticle, but its outer side 
is strengthened by a stout bar, the articular sclerite just alluded to. This runs 
along the outer side of the basal portion of the limb. Proximally it articu- 
lates with a hard piece upon the epimeral region ; near this it is joined by 
the sclerite of the precoxal ridge; distally it has a swelling with which the 
sclerite of the basipoditic (outer lacinial) ridge articulates. On this swel- 
ling stands a tuft of very long seta?, which may be called the “coxopoditic 
scire.” The outer lacinia is much larger than the inner, and its end is 
expanded and has roughly the same shape as the large distal endite of the 
first maxillipcd. Like the inner lacinia it is prolonged as a ridge across the 
face of the limb, but the ridge has no projection of it.< anterior edge and its 
sclerite makes a better articulation with the articular sclerite. It represents 
the basipodite. The endopodite has a wide bast* and a narrow, strap-like, 
blunt-ended continuation, separated by a suture. When the limb is in situ , 
this strap passes in a remarkable way over the shoulder of the mandible, 
lying in a notch, much as the endopodite of the maxillule of the Prawn is 
carried in a notch on the edge of the meta^toina. 

The maxillule is attached in a little depression of the body-wall imme- 
diately behind the mandible. Like the maxilla it does not abut upon the 
sternum. It. has an external but not a median articulation. 

Besides the coxopoditic seta?, which are very long, strong, and thread-like, 
the limb hears on the outside of the endopodite a smaU patch of feathered 
hairSi at the end of the endopodite another such patch, and on the inner edge 
of the endopodite a fringe of long silky hairs. The lacinia?. hear on their 
free ends a mass of very strong spines, which on the tip of the inner lacinia 
are curved in the same direction as the lacinia itself. The cuticle of the 
endopodite and basal region is thin, but on the lacinia? and their ridges and 
the articular sclerite it is of considerable strength. 

Pearson (13) describes in the maxillule of ('ancer four muscles — two outer 
and two inner, a “ flexor” and an “extensor” in each pair, the flexors 
arising from the protogastric region of the carapace and the extensors from 
the eudopleurites of the endophragmal skeleton. In i'arcinus six strands 
of muscle enter the maxillule. Of these, *two are inserted on the articular 
sclerite, one at each end of the sclerite of the outer lacinia, and two on the 
sclerite of the inner lacinia, at the base and near the middle. This set of 
muscles appears to be adapted to move the whole appendage inward and 
outward, and to rock each lacinia to and fro in an antero-posterior direction. 
There is also a hand of muscle running from the sclerite of the outer lacinia 
to the middle of the broad part of the endopodite. I believe that this when 
it contracts pulls the lacinia forwards towards the endopodite, which is firmly 
strapped to the mandible by its narrow end. 
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The laoiniee are capable of independent movement. The outer moves to 
and from the middle line and also forwards and backwards in the body, and 
it combines these movements in varying degrees. The inner moves in and 
out of the mouth. 

6. The Mandible is a short limb, whose proximal region or body is widened 
athwart the body of the crab and very strongly calcified. This region, 
which may represent either the coxa or precoxa, but is more probably both 
combined, is divided into two portions which it is convenient to know as the 
“head” and the “apophysis.” The junction between these is marked by 
deop notches on the anterior and hinder sides and by an oblique, indexible 
suture which joins them. The apophysis appears to run deep into the body, 
but it is in reality not internal like the pieces of the endophragmal skeleton 
but an external structure, the true base of the limb, which pushes in the 
membranous body-wall till it comes to lie in a deep, close-fitting pocket. It 
presents to this pocket a convex anterior face and to the interior of the body 
a deeply concave posterior face. Upon its edges are inserted the muscles 
which move the limb. The head is much deeper from before backwards than 
the apophysis, and convex ventrally. It expands towards the middle line, 
where it presents to its fellow a sharp cutting or “incisor” edge, in the 
middle of which is an obsolescent tooth. Dorsal to the cutting-edge, in its 
concavity, is a low' mound, the “ molar process.” External to this, also on 
the dorsal side, is a process with an outwardly facing concavity which 
articulates with a knob on the epistome. External to the articular process, 
and still on the dorsal face of the limb, is inserted the palp, an inwardly- 
curved structure, which should be composed of three joints but act uall y has 
only two, because the first and second have fused. In the normal position it 
is folded back above the limb and almost hidden. The joints of the palp are 
flattened, the second more than the first. The limb articulates in front with 
the epistome, and behind is flexibly sutured to the sclerite which supports 
the metastoma. 

External to the base of the palp is a group of feathered hairs. The palp 
itself is bordered- with rather long hairs, which are feathered at its base but 
stout and simple at its apex. There is also a patch of sparse hairs on the 
ventral face of the apophysis. 

The musculature of the mandible resembles that described for Cancer by 
Pearson. There are four muscles. A large outer adductor, inserted by a 
broad tendon upon the outer angle of the apophysis, arises from the subhepatic 
region of the carapace, and by its contraction must pull the end of the 
apophysis downwards and so bring its cutting-edge upwards and inwards 
against that of the other mandible. An inner adductor arising from the 
dorsal carapace is inserted by a very long tendon wear the inner end of the 
mandible, which it must pull directly upwards. Two abductors, inserted 
respectively near the outer angle and on the posterior bonder of the 
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Apophysis, will pull that part of the limb upwards and so rotate the cutting- 
edge downwards and outwards. 

The sole movement of the head of the mandible is a rotation upon its 
articulation which alternately parts the incisor edges, opening them like a 
pair of doors, and brings them together. The palp is extended and flexed, 
digging its apex into the space between the incisor edge and the flank of the 
labrum. 

7. The Metastoma is a fleshy structure which lies behind the mouth, between 
the mandibles and the maxillules. It has two forwardly-directed lobes, 
the paragnatha, which stand wide apart against the mandibles, covering the 
notches on the hinder side of the hitter between the head and the apophysis. 
The paragnatha are joined by a low transverse cushion, a little raised in the 
middle, on the border of the mouth. The whole is supported on each side 
by a sclerite which follows its base and at the end is sutured to the mandibles. 
The paragnatha contain some glandular tissue, but are not muscular and 
appear to be moved only passively. 

8. The Labrum is a large, fleshy lobe which forms the anterior border of 
the mouth. Its base is rounded and swollen in front but narrows behind, 
where it projects into the mouth. Distally it is produced behind into a 
nose-like process which overhangs the mouth. Its exposed (ventral) wall is 
strengthened by a triangular selerite. Its sides are moulded to fit closely 
against the dorsal faces of the mandibles when the palps are flexed against 
them. It contains, besides a good deal of glandular tissue, much muscle , 
notably in two longitudinal bands. Its movements are hard to observe, since 
it has not so sharp an outline as the limbs and is only exposed when the 
mandibles part, but they appear to consist chiefly in a tucking of the nose 
into the mouth and its withdrawal. 

9. The Mouth lies above the hinder end of the mandibles. It is a longi- 
tudinal slit, which forks in front owdng to the projection into it of the base 
of the labrum, and behind owing to the low median prominence of the meta- 
stoma. To it converge all the surrounding structures — the nose of the 
labrum, the mandibular palps, the inflected hinder angle of the incisor edge 
of the mandible, the inner lacinia of the maxillule, and the pyramidal endite 
of the first maxilliped. All these are so formed as to make entry to the 
mouth easy but egress from it very difficult. 

HI. 

1. The functions 6f the mouth-parts are threefold. They subserve respira- 
tion by keeping a stream of water flowing through the gill-chamber and 
hindering particles from lodging upon the gills ; they subserve alimentation 
by tearing up the food and thrusting it into the mouth ; and one of them, 
the third maxillipeds, cleans the eyes, anteunules, and antennae* 

2* 'i he branchial chamber of the crab is no less complex and specialized 
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than the rest of the organisation of that animal. In its widest sense, the 
term may be applied to the whole of the very large space that lies between 
the flank of the body and the over-arching fold of the carapace known as the 
branchiostegite, which encloses the chamber above, and without, and partly 
below. The flank itself constitutes the inner wall of the chamber. Of the 
two layers which compose the branchiostegal fold, the outer is hard and 
calcified, that which is towards the chamber is membranous. In their hinder 
region the two layers are not widely separated, and there are between them 
only blood-vessels and connective tissue; but anteriorly certain viscera 
intrude into the upper part of the fold. The hard layer of the branchio- 
stegite lies at first almost horizontal, so as to form a roof above the chamber 
and the intruding viscera. It is then turned downwards at an angle, which 
in the hinder region is obtuse but becomes more and more acute as it is 
followed forwards, to form a wall which curves inwards till it roaches the 
flauk of the body above the bases of the limbs. As the angle at which this 
wall joins the roof becomes more acute, the wall faces more downwards, till 
in the fore part of the body a portion of it becomes horizontal; there it forms 
a floor to the chamber. The shape of the chamber is of course determined 
not by the contour of the outer layer of the branchiostegite, but by that of the 
inner. This layer makes in the hinder part of the thorax a continuous curve 
from above downwards, constituting an arched inner roof to the chamber, 
which has here no floor properly so called. In front, however, where the 
outer wall becomes horizontal, the inner wall turns inward at an angle to line 
the floor of the chamber. In the thoracic part of the latter, the floor under- 
lies the overhanging part of certain gills which project considerably above 
the bases of the limbs. In the head, it closes From below the cxhalont 
chamber shortly to be described. A number of “ dorso-ventral muscles " 
enable the membranous roof to be raised or lowered. 

The chamber is sharply divided into two parts — a true “gill-chamber" in 
the thoracic region, and an “exhalent passage ” or “ prebranehial chamber" 
in the cephalic region. Of these divisions the gill-chamber U much the larger 
in every dimension. Its inner wall is battered back so as to face upwards 
as well as outwards, and is brittle, though thin, and composed of broad ribs 
— the so-called “ epimera” — ono to each limb from the last leg to the second 
maxilliped inclusive. That which lies above the cheliped is larger than the 
rest and prominent. Those behind it face a little backwards and those in 
front face forwards, so that the whole wall is convex outwards, forming a 
low, roughly half-conical mound. In front, the chamber narrows rapidly, 
its membranous roof at the same time falling steeply to the hinder opening 
of the exhalent pawage, where the roof is upheld, and the opening maintained, 
by nn arching, calcified sclerite. Here the roof turns forward as that of the 
exhalent passage. This is a shallow chamber which diminishes in width as 
the carapace narrows forwards. Its inner wall has become merged in the 



MOUTH-PARTS OF THE SHORE CRAB. 


127 


roof, so that it has only roof and floor. Shallow though this channel is, the 
effective depth of its entrance is lessened by a double barrier. One com- 
ponent of this is the cpipodito of the first uiaxillipod, which, sweeping round 
on its spiral course, roughly parallel with tlie cpipodite of the third maxilliped 
but starting in front of the gills and lying upon their outer surface, crosses 
the portal of the exhalont passage in sued) a way as to bar it from behind and 
from outside and leave access to it only from above and from within. Since 
the wide base of the cpipodite does not merely touch the floor with its edge 
but lies flat against it, the movements by which the tail is caused to travel 
over the gills probably never separate the base from the wall of the passage. 
The other component of the barrier is the 4< branchial ridge” of Pearson, 
a fold of the membranous layer of the floor, parallel with the anterior side of 
the principal inhalent opening but at a short distance from it, which fits 
between the podobruneh of the second maxilliped and the cpipodite of the 
first and helps to enable the latter to make effective contact with the floor. 
On the inner side of the exhalent passage, the edge of the branohiostegite 
does not meet the body closely at the bases of the limits, but leaves there a 
long, narrow gap. This i> normally filled by the endopodite and exopodite 
of the first maxilliped and the exopodite of the second, which are moulded 
longitudinally to fit together and against the mandible and to receive the 
branebiostegite. Further forward, in front of the mandible, the body-wall, 
which is here the hinder part (endostome) of the epistome, is concave, and 
so falls away dorsal vwmK from the branebiostegite ami widens the gap. 
Thus is formed the exhalent open'uuj. It is bordered behind, and contracted, 
by the expanded end of the endopodite of the first maxilliped, and discharges 
forwaids and towards the middle line, so as to direct the current of its side 
to the antenna and eye ot the Opposite side. 

The (tills of Carcinus arc nine on each side. The second maxilliped has a 
podobruneh and an arthrobrauch, the third a podohraneh and two arthro- 
hranchs, the cheliped two arthrobranchs, and the first and second walking- 
logs each a pleurobranch. Each gill is a tapering structure. Except the 
podohraneh of the second maxilliped, which lies horizontally and is directed 
backwards at the bases of the maxillipeds in front of the principal inhalent 
opening, the gills are turned upwards and inwards, and lie against the inner 
walls of the chamber, converging to its highest, point, just before the roof 
falls in front. They are closely applied to one another and separate a 
shallow “ hypobrauchial space” against the inner wall from an kt epi- 
branchial space ” under the brauehiostegites. The gills arc phyllobranchs. 
Each of them, save the arthrobranch of the second maxilliped, is heart- 
shaped in transverse section, owing to the fact that the leaflets project as 
lobes above the axis but die into it below. Thus it comes about that where 
two gills lie side by side there is between them on the under side a “ hypo- 
branchial channel,” and above each of them is an “ epibranchial channel ” 
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along the axis, between the leaflets. The arthrobranch of the second 
maxilliped has leaflets on the posterior side only, the anterior side, which is 
applied to the wall of the chamber, being flat; but along its edge an 
epibranchial channel runs as a gutter. The hypobrancliial channels are part 
of the hypobrancliial space and are in communication with one another 
under the gills, especially at the bases of the latter, which are there a little 
arched, leaving a longitudinal corridor in which lies normally the epipodite 
of the third maxilliped. The epibranchial channels are part of the epi- 
branchial space, and will communicate over the gills unless the roof be 
lowered on to the latter. At the hinder end of the chamber there is a space 
which contains no gills. This space is very shallow and in it lies the 
enigmatical fold of the body-wall known as the tc pericardial lobe.” It is 
shielded from the current entering over the last leg by a ridge which, as I 
shall presently show, directs the water forwards and downwards, and it 
probably plays no important part in the circulation of the water about the 
gills. The branchiostegite fits closely against the bases of the gills, which 
are flattened back to receive it. Above most of the rest of the surface of 
the gills the epibranchial space is probably ns a rule deep enough to allow 
the epipodite of the first maxilliped to play freely, but by the action of the 
dorso-ventral muscles varies in depth from time to time owing to circum- 
stances of which nothing is known, and which may be related to other 
functions than respiration. At the anterior end of the chamber, where the 
arthrobranchs of the third maxilliped and cheliped face partly forwards 
towards the roof as it falls to the opening of the exhalent channel, there is 
a deeper part of the cavity. Since its roof is flexible like that of the rest of 
the epibranchial space, it is possible that this does not always exist, but I 
have always found it, and I believe that it is kept in being, in its lower part 
at least, by the attachment of the roof to the arched sdente that I have 
mentioned. It slants downwards, forwards, and outwards to the opening of 
the exhalent channel. From it water must be drawn by the action of the 
scaphognathite into the exhalent channel, which, as I have shown, cannot 
receive water from the region directly behind itself. Thus the water from 
all parts of the chamber must pass through this space, and, though it is not 
sharply defined from the rest of the epibranchial space, it may be dis- 
tingnished as the “ collecting space.” 

The gill stream *. The water which bathes the gills normally makes entry 
under the edge of the branchiostegite in the thoracic region and leaves in 
the same way in the preoral region. According to the classical account of 
this process, given by Milne-Edwards (12), the entry of the water takes place 
only by an opening which lies in front of the coxa of the cheliped and 

* It was not till I bad written the paragraphs on this subject that I saw the paper of 
Mr. R. K. S. Lim, published in 1918(10). As my work extends as well as confi rms 
that of Mr. Lim, I have left unaltered what I had written. 
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external to that of the third maxilliped. Other authors (Bell (1), (Hard (7), 
Bohn ( 2 , 4 )) have stilted that the water enters above the legs along the whole 
length of the carapace behind the third maxilliped. Pearson, however (13), 
finds that in Cancer entry is made principally by an anterior opening, which 
is that of Milne-Edwards, and secondarily by a posterior opening above the 
last leg, but not between these apertures. An examination of the structures 
which adjoin the edge of the carapace in Carnnus shows (1) a relatively 
large opening in the position indicated by Milne-Edwards, (2) a smaller 
opening above each leg, the cheliped included. The openings above the first 
Hire** walking-legs are separated from one another by meetings between the 
prominences upon the flank with which the legs articulate and corresponding 
prominences of the branchiosteg.il edge. They are longitudinal, and slit-like 
but well formed. That above the last leg is very narrow, and imperfectly 
separated from the one in front of it *, and that above the cheliped is separated 
from the opening of Milne-Edwards only by a close fitting of the branchio- 
stegite to the coxopodite when the limb is turned forwards. Access to each of 
the openings above the legs is obtained principally between its coxopodite and 
that, behind it, and by moving the leg backward and upward the crab can 
almost close it, though at the same time the approach to the orifice above the 
leg next in front is more widely opened. A large hairy tract on the under 
face of the branehiostegite has no doubt the function of filtering the water 
which is drawn through it towards the inhalant openings, and especially that 
of Milne-Edwards. It rises into a long fringe around a bare patch wlien^ the 
cheliped lies against the branehiostegite, and is there met by fringes oil the 
borders of the cheliped so as to form wlmt is probably a very efficient guard 
for Milne-Ed wards's opening. Along the edge of the branehiostegite another 
long fringe forms a similar protection for the openings above the legs. By 
placing with a pipette against each opening a little carmine suspended in 
sea-water, it may bo seen that water enters at all of them, even when the 
third maxillipeds are opposed so us partly to close with their epipodites 
Milne-Ed wards’s opening, and that the water from any opening takes a little 
longer to reach the exhalent orifice than that from the openings in front of 
it. When the third maxilliped is divaricated from its fellow, so as to open 
widely -the aperture of Milne-Edwards, water enters there more freely, 
passing forwards as well as backwards, since the anterior side of the opening 
is now uncovered, and bathing very copiously the podobranch of the third 
maxilliped, which has been drawn backward into the full stream. That 

* The crevice above the last leg is continuous with that, between the hinder edge of the 
carapace and the first abdominal segment. Narrow though this opening is, the state of the 
hairB which line it shows that a little water enters it. No doubt this water flows both 
ways towards the two gill-chambers. The occasional presence of a little mud in the middle 
chamber which is connected with the hinder crevice of the carapace proves that water must 
enter it also, though probably it does not there perform any important function. 

LINN. JOURN. — ZOOLOGY, VOL. XXXV. 9 



DR. L. A. BORRADAILE ON THE 


130 

podobranch may thus have a greater physiological importance than its size 
would suggest, though it seems doubtful whether in its more isolated position 
the water would be drawn between its leaflets. The divarication of the third 
maxilliped also exposes an opening between it and tho limb in front of it 
which helps to admit water to tho fore part of tho chamber. 

' The course of the water within the gill-chamber is more difficult to follow, 
but there can he no doubt that on entering, it passes under the gills, that is 
into the hypobranchial space, then comes outwards between the gill leaflets 
into the epibranchial space, and finally flows by way of tho collecting-space 
into the exhalent passage. That practically all tho water which enters the 
gill-chamber takes this course, and does not pass directly from the exterior 
to the epibranchial space, I am cominced by the following considerations : — 
(1) It is exceedingly unlikely that the blood in the leaflets of tlie gills is 
exposed to the stream of water only on their edges, and that their flat 
surfaces are dependent on eddies or diffusion for the renewal of the water in 
contact with them. (2) When carmine is caused to enter through any of 
the openings it is found principally, and the large particles arc always found, 
underneath the gills. (3) The disposition of the parts is such as to suggest 
that the current flows in the direction that 1 have described. From each 
of the openings behind that of Mil ne-Ed wards the shortest route to the 
exhalent passage loads under and through the gills. If there wore a wide 
space between the gills and the border of the branch iostegite, the resistance 
due to friction with the leaflets might cause the water to pass over the gills, 
but actually the brancliiostegite fits, as has been said, close against the gill- 
bases. Iu front of the chcliped the relations of the parts are different. 
Here, when the third maxilliped is in its normal position, its coxa and 
epipodite bar the passage of the water forwards and direct it inwards under 
the gills; but when the maxilliped is divaricated, the shortest route to the 
inhalent channel would be, were it not for the harrier formed by the 
epipodite of the first maxilliped, directly forward. It would then pass partly 
through tho podohranch of the second maxilliped, but in great part between 
that structure and tho floor of the chamber or the bases of the other gills, and 
would not be distributed to the latter organs, which lie above the direct 
course. Actually, however, the existence of tho barrier mentioned must 
prevent tho water from being chiefly drawn in this direction and cause it to 
circulate through the upper gills. That tho water dues actually take the 
route through the gills can easily be seen by cutting a window in the floor 
of the exhalent passage and placing carmino in Milne-Edwarda's opening. 
The carmino will be found always to pass under the gills and to reappear 
above tho scaphognathite, not to take the direct route. 

The water which enters above the first and second walking-legs flows 
forwards and inwards along a shallow gutter hollowed on the epitnerite till it 
reaches the entry of a hypobranchial channel between the pleurobrunch of its 
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leg an<l the gill which adjoins it in front ; and through this it passes into the 
hypobnmchial space. The water which enters the opening behind the 
chelipod flows similarly forward over the arthrodial membrane, which is 
sliapod to provide a kind of duct For it, to the entry of the hypobnmchial 
channel between the anterior arthrobraneh of the cheliped and the posterior 
arthrobranch of Ihe third maxilliped *. At this very large portal of the 
hypobranchial space it meets the water from Milne- Ed wards’s opening. 
From that aperture the current passes, when the third maxillipeds are 
opposed, obliquely backwards through the portal just mentioned, though a 
little may stray forwards to pass between the arthrobraneh, s of the third 
maxilliped. When, however, the maxilliped is divaricated and the opening 
thus fully uncovered, water passes also to the channel* between the arthro- 
hranchs of the third and second maxilliped s, and to the podobranehs of those 
limbs. The water which enters the opening behind the last leg is prevented 
from flowing directly forwards by a ridge on the epimoral region, passes out 
the articulation of the last leg, which is not prominent like the others, joins the 
stream which enters between the last two legs, and roaches the hypobranchial 
space by passing forwards through a definite entrance formed by the. shaping 
of the hinder leaflets of the last gill at a spot near its base and at the end of 
the longitudinal corridor mentioned above. The arrangements may be 
summed up by tbe statement that tile water which enters over each limb 
passes into the hypobranchial space by an opening between its gill and the 
gill of the limb in front of it, except that most of the water entering above 
the third maxilliped passes behind its gills. 

In each hypobranchial channel , the water flow's, I believe, upwards, mingling 
to some extent under ihe gills with that in the adjacent channels, and 
diminishing as it goes by loss between the leaflets of the gills to the 
epibranchial space, Since this loss is hindered by friction against the 
leaflets, the water does not all escape till the top of the gills is reached, and 
is thus distributed over a* wide a gill-surface as possible. 

The course of the water over the outer surface of the gills presents a very 
difficult problem. The shape of the chamber gives no convincing indication 
of the direction in which the stream gets through it, and its size, as a w hole 
and in each part, depends upon the changing form of its roof. I can only 
offer some suggestions on this subject. 

Normally, the water will pass direct from the point at which it issues from 
between the leaflets of the giHs to the collecting-space. If, however, the 
roof be lowered on to the surface of any part of the gills, the water which 
is passing through them is probably got away by the epibranchial channels. 
The appearance of these structures strongly suggests that a current flows 

* The entry to the hypobranchial channel between the arthrobranchs of the chelipod is 
very small, and that channel probably receives its water from the longitudinal corridor. 

9 * 
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along them. They widen from above downward, and it would at first seem 
as if the current must flow in that direction. But (1) as each channel widens 
it grows shallower, so that its capacity is no greater, but rather less ; (2) its 
lower (uni is probably closed by the edge of the branchiostegite, and in any 
ease leads to a part of the chamber that docs not directly communicate with 
the exhalent passage; and (3) the direction of the leaflets is such as at the 
lower end to cast the water into the channel in an upward direction. Tt is 
therefore probable that the current flo vs upwards. On the other hand, near 
the upper end the channel narrows so much that its capacity is greatly 
diminished, and here the water must be overflowing fiom it into the space 
over the gills, which is near the top of the collecting-space. The grooves 
between the convex surfaces of adjoining gills, which may be known as 
“interbranchial channels, M form a similar system. 

All the water enters the. exhalent passage from above and within — that is, 
from the collecting-space. This is due partly to the fact that, as has already 
been shown, access to the passage from behind is barred, and partly to the 
fact that the stroke of the scaphognathite is made from below upwards, against 
the roof ; and, as has also been shown, it has the important effect of causing 
the water to flow through instead of over the gills. 

The working of the scaphognathite has already been described. The 
effective stroke is the upward one, but the downstroke must act upon the 
water which has entered the lower part of the passage during the upstroke. 
Probably the bulk of this is driven into the collecting-space and a small 
portion sent forward to the exhalent orifice. 

The stream that issues from each branchial chamber is directed, as has been 
said, obliquely across the epistome io the opposite side of the front, and often 
it does in fact take that course. But normally it meets in the middle line the 
current of the other chamber, and the two deflect one another so that they flow 
forwards under tli * an ten miles. A further modification of the direction of 
the current is brought about by the activity of the flagella of the maxillipeds. 
Flicking to and fro extremely rapidly, these exert their force more on 
the outward stroke when they are drawn by their extensors in the direction 
of their concavity as a cilium moves than when they are returning by their 
own elasticity in the direction of their convex sides. They not only reinforce 
the current very notably, but also turn it outward, and in particular, I think, 
by means of the hairs with which they are fringed they draw away particles 
which might otherwise lodge upon the organs of special sense. 

1 he regulation of the gill-stream is brought about in two ways by 

alterations in the size of the openings, and by changes in the beat of the 
scaphognathite and the exopodites of the maxillipeds. J have already shown 
how the flow through the anterior inhalent opening is regulated by the third 
maxilliped, and how the legs can close the openings which lie behind them. 
The size and form of the exhalent opening must also have an important 
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influence on the current. The aperture is smallest when the third maxillipeds 
are closely opposed. At such times a steady stream issues from the opening 
which they leave in the middle o£ the cpistomo and flows forwards under the 
antennnles. When a wider opening is necessary, either to provide for a 
greater flow or to allow the current to be directed to the sidos of the body, 
the operculum may be opened in varying degrees by lowering either the meri 
only or also the basi-ischia. At such times the form of the exluilent opening 
proper may he modified by alterations in the position of the expanded end ot 
the endopodite of the fiist inaxilliped. 

The function of the epipodites * is the cleaning of the gills. Moving to and 
fro over the gill-surface they brush it, drag over it their long, flexible, barbed 
hairs, and thus prevent particles that are brought in by the gill-stream from 
settling there and closing the minute passages between tlie leaflets. The 

importance of this function is shown by an observation of Pompon, who 

found that in a crab in which the epipodite of one of the first maxi!lip»*ds 
had been destroyed, the outer surface of the gills of its side was covered with 
a layer of fine mud. In one of my crabs there was a similar deposit of tine 
sandy particles. In this case the epipodite was intact, but I have no doubt 
that it was in some way paralyzed t. 

By an admirable mechanism the three epipodites^ between them, reach 
almost every part of the gills. The epipodite of the first, inaxilliped lies 

above the gills and sweeps their outer surface. Tt is probably moved more 

by the action of its own powerful muscles than by the excursions of the 
inaxilliped as a whole, which are not extensive, and if they were so would 
interfere with the other functions of the limb. This epipodite is very flexible, 
and, doubtless by the action of its muscles, it is kept closely applied to the 
rounded surface of the gill-mound while it swings upwards aud downwards 
over the gills, describing an arc with its tip. In an almost vertical position it 
stands against the forward face of the mound. The epipodites of the second 
aud third maxillipeds lie below' the gills and sweep the inner surface of the 
latter. Both are stiffer than that oE the first inaxilliped. The principal 
movements of each are probably those which it undergoes passively with the 
coxa of its limb. These movements can easily he imitated upon a dead 
specimen, and they must occur with each of the excursions which the limbs 
are constantly making in life. The epipodite of the second inaxilliped lies 
on the anterior, forwardly-facing region of the inner wall of the gill-chamber. 
When the inaxilliped swings outwards, pivoting on its attachment, the 
epipodite makes a corresponding inward movement over the face of the 
thoracic wall, sweeping the inner surfaces of the gills that stand there, with 

* The epipoditeB of the first and third ftaxillipeds have alto the passive function of 
directing with their bases the course of the currents in the way that I have already described. 

t Since the foreign matter was above the gills, it had presumably been brought in dining 
reversals of the current. 
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which it is almost or quite in contact. As the maxilliped returns, the 
epipodite is drawn back to its former position. The epipodite of the third 
maxilliped reaches over the epimeron of the cheliped to lie against the 
posterior region of the inner wall. When the maxilliped is in the normal 
position the epipodite lies in the longitudinal corridor at the base of the gills. 
If the movement of the limb were simply outward, and if the epipodite were 
not hinged to it, the ©fleet of its divarication from its fellow would be merely 
to press the epipodite more firmly inward against the wall above the bases 
of the gills, with which it would therefore tend not to he in close contact. 
Actually, however, the maxilliped, ns 1 have stated above, rotates downwards 
as well as outwards, and thus moves its epipodite upwards over the flank of 
the body, while the movement presently brings the stout base of the epipodite 
against the articulation of the cheliped, and this opposition flexes it at its 
hinge and directs it outward as well as upward. Thus when the maxilliped 
is divaricated, the blade of its epipodite moves upwards and presses outwards 
against the under surface of the gills, which it sweeps and lifts a little from 
the thoracic wall, thereby flushing these parts with water. As the maxilliped 
returns to the normal position, the base of the epipodite is pressed against, the 
arthrobranchs of the cheliped, and thus bent hack into the longitudinal 
direction. The position of the epipodite of the second maxilliped upon the 
forwardly-facing epimera makes unnecessary any such special mechanism to 
bring it against the inner surface of the gills. 

No doubt the movements of the epipodites have the effect of mingling and 
distributing the water in t ho gill-chamber while they dean the gills, but it is 
not dear that this has any such physiological importance as lias been 
attributed to it. 

The variations oj /hr ai! 1st ream are a very striking feature 1 of the 
physiology of the crab. They may be studied either by the carmine method 
or by watching the movements of the flagella of the exopodites of the 
maxillipeds, and, after making a window in the bnmehiostegite, those of the 
scaphognathite. Since the latter method studies directly the working of the 
principal agent, it is the most instructive, though it is open to the obvious 
objection that the action of the scaphognathite is affected by the operation. 
But when the shock of the latter has passed off, its ©fleets are less serious 
than might he expected. The most remarkable feature of the action of the 
scaphognathite is its extreme sensitiveness. Any rough or sudden handling 
of the crab is liable to cause if to stop — in the face of danger the creature 
holds its breath. Yet this does not always happen when it is expected. 
Other variations are brought about less obvious causes. Tho scapho- 
gnatlutes work independently, and either of them may cease working while 
the other continues. Their beating changes its rate and force from time to 
time in the same individual, and differs in different individuals in tho same 
vessel at tho same time. Clearly the causes are sometimes internal : probably 
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they are often external. From some observations of Bohn (4) on the reversal 
of the stroke it would appear that the crab is sensitive to changes both in the 
oxygen-content and in the carbon-di ox id e-con tent of the water. Whether 
these circumstances act by altering the composition of tho blood, or through 
the sense-organs, or in both ways is not clear. I would hazard a Mirmito 
that the third of these alternatives is correct, and from some casual 
observations 1 suspect that the antenmiles are sensitive to oxygen. Changes 
in the activities of the scaphognathite are accompanied, ami its working 
facilitated, by actions of the subsidiary parts of the apparatus. Probably in 
the normal, quiet, breathing of a rosting crab, when tho water is clear and 
perfectly oxygenated, the third maxillipeds are opposed and the flagella of 
the exopodites at rest. Most commonly, however, at least in experimental 
conditions, the crab sits with its maxillipeds lowered to some extent. This 
must have the ad\antage of lessening the work of the scaphognathite, when 
a considerable \olume of water i> being dealt with, by allowing it to get 
away with less friction ; and it also enables the flagella to be brought, into 
play, both to help the scaphognathite, and to drive the current and its 
contained particles outward, away from the sense-organs. Like the scapho- 
gnalhilc, the flagella may work on one side only or on both at once. One, 
two, or ihree of them may work at the same time on each side, and they may 
give a single stroke or work continuously for long periods. The flagella of 
one side are compleincntai to the scaphognathite of the other, driving the 
current in the same direction, and I have not seen the flagella and scapho- 
gnathite of one side both at w T ork while on the other side both are at rest. 
Further, the maxillipeds may he divaricated. This admits more water to the 
gill-chamber, admits it where it has a relatively short (list mice to travel and 
hence causes relatively little increase in work, and also supplies a set of gills 
which are out of t lie main stream when the maxillipeds are apposed. 
Changes in the posture of the crab have also, as Bohn has pointed out, an 
effect upon the work of the scaphognathite. When the water is clean and 
well oxygenated, a horizontal position is possible, though there is always some 
upcast, at least when the maxillipeds are opposed. But when tin* water is 
muddy or foul, the vertical position is necossary to enable reversal of the 
current to obtain more oxygen, as will presently he shown. The exhalent 
opening is then often above the surface, and work is heavier while the 
flow is forward. From time to time the third and second maxillipeds make 
violent. excursions outwards. This happens more frequently when the water 
is not clear, and it has the effect of sweeping the gills with the epipodites. 

From time to time also, the scaphognathite reverses its action, and for a 
shorter or longer period draws water iu at the exhalent opening and drives* it 
backward through the gills and out at the inhalent opening. This is done 
when foreign particles or distasteful substances are being drawn in, and it is 
noticeable in carmine experiments when tho particles are too coarse. Its 
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function in this case h obvious. But it also happens at intervals when the 
water is quite clear and pure. It probably then drives out particles which 
have gradually accumulated under the gills while" the current was flowing in 
the forward direction and which would in course of time prove harmful. 
The reversal of the current, which was first studied by Garstang ( 8 , 9 ) in 
Cory&tes and other genera, has been examined in Cardans by Bohn ( 2 , 4 ), 
who has shown that it always takes place, Jnit varies in frequency and 
duration with the foulness of and amount of matter in suspension in the 
water, ami that when the water is chemically foul the crab will raise the 
normally cxlinlent opening to the surface so that it draws in either the better 
oxygenated water of the surface or air, which passes out in bubbles at the 
opening of Milne-Edwards after oxygenating the water in the chamber. 
These results I can confirm from my own observation. The crabs will live in 
exceedingly foul water if they bo permitted to raise the front of the body 
out of it, but may be usplij xinted by preventing this. Bolm (4) thinks that 
the reversal of the scaphognathitc lias an advantage in resting its muscles. 
I am not clear that it is necessary to suppose that it has any other function 
than that of cleaning the chamber and enabling the animal to obtain a 
better supply of oxygon. 

3. In feeding , the crab severs the food into morsels which it swallows 
without finely dividing them. Jt always seizes the food with the chela*. 
The third maxillipeds then part, and the food is placed by the chela* between 
the mandibles. If the mass of it. be very bulky, one or more of the legs 
may be brought into action to assist in lifting it and thrusting it towards the 
mouth. The mandibles part to receive the food, and then close upon it. 
They do not cut it by a slicing action or chew it, hut unless it be soft enough 
for them at once to sever a morsel of it by pressure, they hold it firm while it 
is being divided by the action of other organs. If the food be very soft, 
they may even sometimes be seen to be held wide apait while it is thrust into 
the mouth by the action of their palps and of the nose of the labrum. 
Usually, however, (he food (1 have fed my crabs upon various parts of the 
body of fishes and upon meat) requires the assistance of other organs for its 
severance. In this case it is torn by being pulled outwards from the 
mandibles, much as a crust may be torn by being held with the teeth while 
the hand wrenches a part of it away. The outward pull is sometimes given 
by the chela?, especially it the mass of food be tough, and they often keep a 
hold upon it when they do not appear actually to be pulling ; but most often 
the work is done by the thin! maxillipeds, which grasp the food by pressing 
upon it with the toothed inner edges of their ischiopods and at the same time 
press downwards upon it with their palps, somewhat as the digit of a sub- 
chela is closed. These limbs do not cut or chew the food, and rarely pass 
it towards the mouth, but by pulling it outwards tear from it the portion 
which is held by the mandibles. The second maxillipeds work in various 
ways, and (heir action, like that of the organs in front of them, is often hard 
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to follow because they are hidden by the third maxillipeds. After the 
removal of the latter, movements of the inner jaws may be observed, but 1 
have not been able to induce crabs which have been so operated upon to 
feed *, and in any case their feeding would not be normal. The second 
maxillipeds apply to the food their last joints, armed with the strong spines 
which have been mentioned. With these they sometimes thrust outwards, 
aiding the third maxillipeds or, if the morsel be small, even taking their 
place. At other times they appear to be thrusting the food inwards, towards 
the gape of the mandibles, at others to work up and down upon it, strained 
as it is between the third maxillipeds and the mandibles, so as to cut through 
it. It is difficult to discover wliat is the work of the first maxiiliped. The 
action of the great lacinite would suggest that they are cutting the strand of 
food, but their armature of bristles is so much feebler than the arrangement 
of spines upon tho dactvlopodites of the second maxillipeds and on the lacinias 
of the maxillule as to throw doubt upon the correctness of this impression, 
lij, view of the alternation of their action with that of the pyramidal endites, 
it seems possible that they are really brushing the frayed portions and 
fragments of the food backwards towards the ojKJuing of the mouth, into 
which the pyramidal endites help to thrust it. The shape of these endites 
ami of the hairs, upon them are such as to make it easy for the food to pass 
between them into the mouth, but difficult for it to emerge. The maxilla* 
arc, 1 think, quite useless as jaws. Their distal lobes, at least, are feeble, 
inefficient structures, drawn passively to and fro with the strokes of the 
scaphognathite. 1 am less certain about the proximal lobes, but if these have 
a function I am unable to suggest what it may be. The maxillnles are 
important and relatively powerful structures. I have described the 

movements of their lucinue. The outer of these cuts at the food with its 
powerful bristles and the inner, 1 think, thrusts it into tin* mouth. Probably 
in doing so it is ('fitting or tearing it from the main mass. The paragnatha 
appear to have the function of closing the notches on the hinder edge of the 
mandibles, through which the food might work outwards, and of pouring 
upon it the secretions of their glamis. whatever be the functions of these. 
I have already described the working of the mandibles. I am unable to see 
that their u molar 9> faces have any grinding action, but they appear to help 
to wall in the food which is being thrust into the mouth by tho palps, and 
especially by the actiou aud powerful nose of the labrum. I have been a 
little surprised, in feeding to the crabs portions of fish and meat containing 
bone which I should have expected them to be able to crush, to observe that 
they were rejected, sometimes after being stripped of the softer tissues. It 
is quite possible, however, that in other circumstances these would have been 
devoured. After the meal a flurry of tho mouth-parts is usually to be seen. 

* Possibly reflexes from these limbs are needed to co-ordinate the movements of the 
other mouth-parts. A prawn will ns readily take food from a pair of forceps os from its> 
own chelse. A crab will not. 
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By brushing their various hairy surfaces against one another they detach 
the small particles of food that are clinging to them, and tliesc uro swept 
away by strong currents set up by the activity of the exopodites of the 
maxillipeds. 

The opermlar function of the third ma.rillipcds deserves mention here. The 
operculum is not of importance to the crab on account of any part that it 
plays in focding. It is freely open during Unit process, and is not closed 
again till the mouth-parts have cleaned themselves. It undoubtedly protects 
the more delicate organs within it, as may be seen by the way in which it is 
closed when they are approached by any implement. But the closeness of 
its fitting, and its fringe of hairs, indicate that it is also a part of the 
respiratory apparatus. The current set up by the seapbognathite is a 
wonderfully strong one, partly because it is working in a closed system of 
passages, and there are several places in the neighbourhood of the inner 
mouth* parts where leakage is probably liable to take place, and throw 
unnecessary work upon the seapbognathite in keeping up a current of tlie 
swiftness which is in eded. The closing of the operculum prevents this. 

4. The haii's which aro arranged in so definite a manner upon the limbs 
play no insignificant part in the events which have just been described. 
They are of an immense variety. A few particulars about them have been 
given above, in the course of the descriptions of the limbs, but it is quite 
impossible to do justice to this subject without devoting to it a special inves- 
tigation. Me Jn tosh (11) has examined their structure in detail, hut their 
functions still remain to be elucidated. The great majority of the hairs are 
in some way feathered or toothed, and the lateral members which they then 
bear may be of every relati\e dimension and shape, from the finest filaments 
to the coarsest serration, may vary in different parts of the same hair, be 
directed at any angle to the axes, or recurved, as on some of the hairs of the 
epipodites, and be set on one side of it, on two, or on all sides. Most of the 
hairs are placed on edges or surfaces where they meet the water, either 
actively in the movement of the limb or passively by the flow of the gill- 
stream. From their form and position it is clear that they must serve more 
uses than one, though whether any of them have a double function is less 
obvious. Some of them undoubtedly serve to filter the water entering 
various orifices. This is clear from the particles with which they may often 
be seen to be laden. It is notably the function of those which outline the 
parts of the operculum formed by the third maxilliped, and on its coxa help 
to guard the opening of Milne-Ed wards, as all the openings of the gill- 
chamber are guarded by hairs on the carapace and on the coxae of the legs. 

Others are sensory . Most if not all of these aro probably tactile, that is 
give information as to the pressure which is exerted against them, but their 
sensibility is used in various ways. It is clear from its behaviour that the 
crab is able to detect the presence of particles in any part of its gill-stream 
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and accordingly to stop, reverse, or alter its direction. This can only he due 
to tactile organs at various points in the system. Another use of the tactile 
sense is involved in the appreciation of the strength of the current, which 
the animal must possess. Conceivably this might he due to a muscular sen so 
of the [tower used in producing the current, but, as Doflein (6) has shown, it 
is very probable that in Crustacea the muscular sense is supplemented, if not 
largely replaced, by the information given by tactile hairs brought against 
the water by the movement of tho limbs. In any case, it is likely that this 
information is possessed by the crab and guides it in the use of its limbs. 
Probably the more delicately feathered hairs are those which are exposed to 
and detect finer changes in the pleasure of the water. From these then* is a 
gradation to the coarser ones which are used in filtering. Whether any or 
all of the latter are sensitive dot's not appear. 

Whether, again, any of the pairs subserve a chemical sense is doubtful. 
Certainly the behaviour of the crab shows that it possesses such a sense, ai.d 
hv it is informed of the quality of the water and of the nature of the food. 
Hut it is quite possible that this is due to the nnleunules. (her these the water 
passes on leaving tho gill-chamber, and the juices am) debris of the food are 
rejected towards them, and probably to some extent reach them in spite of or 
by permission of the exopodites of the maxillipeds. The crab appears, 
though less clearly than a prawn, to taste as wed as to smell its food, hut 
this may he due to the sensibility of the antonnule ; much as in Mau, the 
aromas of food are appreciated by the olfactory epithelium. 

Others of the hairs ha\e a Aeainmj function. This is exercised in very 
different ways by the long threads on the epipodites of the maxillipeds (and 
possibly hv the coxopoditic seta? of the maxillule, for which 1 can suggest no 
other function), and by the serrated bristles of the palps of the third maxilli- 
peds. Those organs are continually busy cleaning the various structures in 
front of them. They brush the anlennules. sometimes acting singly, some- 
times combing an antennule between them. Each of them brushes the ey e 
and antenna of its side, and reaches across to clean the mouth-paits of the 
opposite side, attending, for instance, to the delicate and probably sensory 
hairs of the expanded end of the endopodite of the first maxilliped. In 
these activities, different parts of the palp are brought each against a different 
organ, and very possibly the difference in the serration of the bristles in 
various parts is in correspondence with the structures to he cleaned in the 
organs to which they are applied. 

The function of cun ent-makiny must perhaps he attributed to the hairs 
on the flagella of the exopodites. 

Lastly, the bristles which are used in wauipulatiny the food are special 
members of tho. series of hairs. 
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EXPLANATION OF THE PLATES. 

Plate 10. 

Fig. 1. A ventral view of a female of the Shore Crab (Carcinus mams). On the left 
side of the animal the first and second walking-legs haie been parted, to 
expose the approach to the inhalent opening between them, and on the right 
side the cheliped has been turned back to reveal as much as possible of the 
flange on the coxa of the third maxilliped, by which the inhalent opening of 
Milne-Edwards is guarded. 

big. 2. The forepart of a similar view after the third maxillipeds have been divaricated, 
one of them cut short beyond its basis, and the cholipeds removed with the 
exception of their coxae. 

Fig. 3. A ventral (posterior) view of the third maxilliped of the right side, removed from 
the body and flattened. The dotted line* show the normal position of the 
epipodite. The small drawing annexed shows a portion of the dorsal (anterior) 
surface of the ischium of the yellow appendage, enlarged. 

Fig. 4. A similar view of the second maxilliped of the right side. 

Fig. 5. A similar view of the first maxilliped of the right side. 

Fig. (5. A similar view of the maxilla (second maxilla) of the right side. 

Fig. 7. A similar view of the maxillule (first maxilla) of the right side. 

Fig. 8. A similar new of the mandible of the right side. 

Fig. 1#. A view of the mouth and of the structures arouud it, after removal of all the paired 
appendages save the maxillule and mandible of the right side. 

Fig. 10. A diagram of a transverse section through the branchiostegite and the structures 
which underlie it at the level of the articulation of the first walking-leg. 

Fig. 11. A diagrum of a longitudinal section through the branchial chamber of the left side. 

The podobrauch of the second maxilliped is shown in perspective, and the 
position of the arthrobranchs of the third maxillipeds is indicated in dotted lines. 

Fig. 12. A view of the Crab from the left side after removal of the branchiostegite. Part 
of the inner roof of the gill-chamber remains, and is held back by a hook above 
the third walking-leg. 

Fig. 13. A view from within of a portion of the removed branchiostegite of the same side. 

Fig. 14. A view from below of the inhalent openings above the first and second walking- 
legs of the same side. 

Fig. 15. A view from above of the gill-chamber of the same side. The portions of the inner 
roof which have not been removed are held back by hooks. 

Fig. 19. Portions of hairs from the third maxilliped : — A, from the median band of the 
ischium; 11, from the palp of the same limb; C, from the flagellum of the 
exopodite. 


Plate 11 . 

Fig. 16. A view similar to that in Fig. 15, after the removal of the greater part of the gills. 
Fig. 17. A similar view After complete removal of all the gills, save those of the second 
maxilliped, the third maxilliped being in the normal position. 

Fig. 18. A similar view with the third maxilliped divaricated from its fellow. 
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The Wing-Venation of the Order Pleetoptera or Mayflies. By R. J. 
Tillyard, M.A., Sc.D. (Cantab.), D.Sc. (Sydney), F.L.S., C.M.Z.S., 
F.E.S., Entomologist and Chief of the Biological Department, 
Oawthron Institute, Nelson, N.Z. 

(With 10 Text-figures.) 

[Read 30th November, 1922.] 

The present paper is intended to be read in conjunction with the series of 
papers being prepared by me on the Wing- Venation of the Order Odonata 
or Dragonflies, the first of which has already been published (Tillyard, 1922), 
the remainder having been kept back to allow of the present results being 
considered first. 

At the present time, considerable doubt appears to exist as to the true 
interpretation of the homologies of the wing-veins in Mayflies. This is not 
to be wondered at when we consider that Comstock and Needham originally 
offered one interpretation (1899), which became widely accepted, but that, 
following on Needham's discovery (1903) of the crossing-over of the supposed 
Its in Anisopterous Dragonflies, Miss Anna Morgan (19*12), working clearly 
under the influence of this discovery, offered a new interpretation bringing 
the venation of the Mayflies into line with that of the Dragonflies in this 
very important respect, although the evidence brought forward in her paper 
to support this view is admittedly of the slenderest kind. Space will not 
allow us to give here a full critical discussion of Miss Morgan’s paper. It 
will only be necessary to make a single quotation from it, as follows 
(/. c. p. 98) : — 

“ An actual connection between R and Rs trachea (in Mayflies) cannot be 
shown by constant structures. Moreover, Mayflies and Dragonflies are 
closely-allied groups, and their general tracheation is similar in many points. 
Furthermore, this condition of the radial sector trachea is exactly the same 
as that just described in the Damsel-flies, where there can be no doubt that 
such a crossing has taken place. It is, therefore, highly probable that the 
radial sector is present in Mayflies, and that both the sector trachea and the 
vein Rs have been stranded on M t , and have Jeft no positive trace of their 
origin.” 

On these very slender and debatable grounds, Miss Morgan proceeded to 
alter the homologies of the wing-veins in the Order. While recognising 
and admiring the painstaking work shown in her study of the tracheation 
and venatibn of so many little-known types, we have to confess that, like 
£rof, Mao&illiviay* .under whom the work was done (i.c. p. 89), we 
K disagree with soine of the interpretations .... presented.” 

Now that I have shown the strong improbability that the supposed Rs 
of Needham in the J^isojptera is. really not that vein (Tillyard, 1922), and 
4*fhiitfc proofis the Zygopteru, the supposed Rs never 

XXXV, 10 
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bad any connection with R at all, and is most certainly not that vein, any 
system of homologies based on these results of Needham in the Odonatu 
becomes so highly speculative in character as to cease to attract even those 
who may have originally accepted it. It is, therefore, necessary to enquire 
anew into the whole question of the homologies of the wing-veins of the Order. 
This 1 have attempted to do during the last three years. The results obtained 
appear to me to show, not only that the system proposed by Miss Morgan 
was incorrect, but that the original system proposed by Comstock and 
Needham (1899) was also wrong, and that the true interpretation of the 
homologies is one hitherto unsuspected in any quarter. These results, again, 
also support some startling new results obtained for the Odonata ; and it is 
for that reason that the publication of the present paper is interpolated 
between the first and second papers of the series on that Order. 

For the purpose of obtaining a really trustworthy result in an admittedly 
difficult problem, I have attempted to combine three methods of study, viz. : 
(1) the .study of the Palaeozoic Mayflies ; (2) the study of the nymphal 
tracheation in archaic existing types ; and (3) the application of the principles 
of convex and concave veins, both to fossil and recent forms. Good fortune 
favoured this plan. In the first place, when visiting New Zealund in 
1919-20, Prof. 0. Chilton, of Canterbury College, Christchurch, very kindly 
accompanied me on a visit to the Cass Biological Station, which is under his 
charge. Here we found abundant material of the larva* of the archaic types 
of Siphluridae for which New Zealand is famous. As all the necessary 
apparatus for dissections and microscopic study were at hand in the Station, 
I was able to make a thorough study of these larvae on the spot. This 
produced a surprise, in that the tracheation was found to be almost complete 
in the various instars, and fairly easy of interpretation ; whereas, in the 
Mayflies studied by Miss Morgan, the tracheation was both incomplete and 
irregular. Following on this discovery, during my visit to America in 1920, 
through the kindness of Prof. C. Schuchert, I studied the Lower Permian 
fossils left behind by Dr. Sellards in Yale University, and was surprised to 
find among them a very fine specimen of Pvotereisma , so beautifully preserved 
that it at once gave me the key to the whole venation of the Order, and, 
incidentally, supported the evidence given by the study of the larval 
tracheation. It then became clear to me that, if the significance of the 
alternation of convex and concave veins had been fully understood, and 
applied to the solution of this problem, the homologies would at once have 
become perfectly clear. In his paper on the Lower Permian Mayflies, 
Sellards (1907) entirely ignored this important point. Consequently, no 
help was to be obtained from his work by Miss Morgan, ami she merely 
contents herself with copying his figures (1912, pi. 9. figs. 62-66), and 
attaching thereto the results obtained by her own researches. 

Text-fig. la shows the hind- wing of a species of Protereisma with. the 
homologies of the veins obtained by this new method of study* For 
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purposes of comparison the fore-wing of Ameletus omatus is placed on p. 146 
(text-fig. 16). The corresponding notations of Coinstock-Needham and 
Morgan are given in the accompanying table. In the second column the 
alternate convexity and concavity of these veins is indicated by the signs 
+ and — . 

Text-fig. 1 a. 



Hind-wing of Protereismer ap., Lower Permian of Kansas ; the fore-wing is closely similar, but a little 
narrower at base, as shown in text-fig. 3. 


Table of Wing-Venation of Mayflies. 


New Notation. 

Sign. 

Comstock-N eedham 
Notation. 

Morgan's Notation. 

C 

+ 

C 

C 

Sc 

— 

Sc 

Sc 

K. 

+ 

R, 

Ri 

IB* 

- 

Ra 

M, 

2R?a 

+ 

(omitted) 

(omitted) 

SB* 

- 

(omitted) 

(omitted) 

4B* 

+ 

(omitted) 

(omitted) 

6R„ 

- 

R, 

Rs 

Rjb 

+ 

R. 

Interpolated vein 1. 

R. 

— 

R* 

M a 

»« 

+ 


M* 

Rib 

— 

Mi 

(omitted) 

R« 

+ 

Mil 

M* 

Mi 

— 

Cui 

Cui 

M, 


Interpolated vein. 

Interpolated vein. 

Mj+i 

- 

Cu a 

Cuj 

Oui 

+ 

1A 

1A 

Cu« 

— 

2A 

2A 

1A 

+ 

3A 

3A 

2A 

4- 

3A 

3A 

SA 

+ 

f 

3A 

3A 


10 * 
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It will be noticed that no less than five branches of B& are indicated in 
the new notation. An explanation of this will be found in the argument on 

page 148 concerning the nature of triads. 

The results obtained by the three methods of study, already mentioned, 
support one another, except that in the case of the study of the larval 
tracheation a certain amount of variation is normally present. I have there- 
fore presented the argument based on the Convexity and Concavity of the 
veins first, followed by that deduced from the study of these conditions as 
noted in the fossil Protereisma , and have kept for the last place the results 
obtained from the larval trachea*. Tn dealing with these last, the alternative 
interpretations given in the table on p. 145 will be considered, and reasons 
given for rejecting them. 


Text-fig. lb. 



Fore-wing of Ameletus omatus (Eaton), Recent, for comparison with text-fig, 1 a. tn , tomus. 

Lettering as on p. 162 . 


Convex and Concave Wings. 

In all generalised insects, we are able to distinguish the presence of two 
kinds of veins on the wings, viz. those which occupy the summits of ridges, 
commonly called convex veins (indicated by a plus sign), and those which lie 
in the bottoms of grooves or hollows, commonly called concave veins (indicated 
by a miuus sign). In the ideal archetypic wing, convex and concave veins 
follow one another alternately across the main portion of the wing, 
Sc being and its sector + , M the vein commonly called Cu, +, 
and Cut This last is’ always to be distinguished by lying either in or 
very closely anterior to the deep anal furrow , which separates off the clavus 
or anal area from the rest of the wing. The chivus itself is a wholly cornea 
area, and carries only convex veins, viz. the three anal veins 1 A, 2 A, and 3 A. 
In an ideal forked vein, both branches of the fork keep the same condition 
of convexity or concavity as the main slem ; but the alternation of ridge and 
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^hollow is preserved, in the case of areas broad enough, by the development of 
intermediate branches which take the opposite condition to the two branches 
which they separate. These have been considered as interpolated veins in 
the Mayflies; i. e. 9 they have been supposed to develop from the margin 
of the wings inwards, and not to be true branches of the main veins at 
all. A study of the fossil Mayflies shows, however, that originally there 
were no interpolated veins in this Order at all, and that the discontinuity 
of these veins has been brought about actually by absorption of the basal 
connections with the veins of which they are true branches. 

The primitive system of branching which is shown almost to perfection in 
the Permian Mayflies is the type which wc may conveniently term the triad . 
This can be understood from text-fig. 2. V is a convex vein which divides 


Text-fig. 2. 



Diagram of tlie triadic system of branching of main veins. For explanation, 6ee text. 


at its primary fork vf into two equally convex branches Vj and V 2 . In the 
diverging angle between these two, a concave vein arises from either 
Vj or V*, its point of origin being not fur distad from vf; this secondary 
fork is termed vf . In the illustration before us, the concave vein is made to 
arise from Vj, so that the two branches of this vein become V ]a ( + ), 
Vib(— ), and V f f + ). if, instead of being a convex vein, V were a concave 
vein, then the two branches Vj and V 2 would be concave, and the inter- 
mediate vein Vib would be convex. The two cases can be distinguished by 
calling tho triad developed from an originally convex vein a positive triad , 
that from an originally concave vein a negative triad . 

Further branching may take place from any one of the three veins of a 
triad, and usually consists of the development of further triads. In text-fig. 2 , 
a farther triad is seen developed from V s , via. the positive triad V 2 a (-p), 
VW (-), and Vgb(+). If^a triad had been developed from Vib, it would 
have been a negative triad, and the notation used would have been lV]b(— ), 
2 Vib( + ), and 3Vu>(— ); this notation was chosen to avoid duplication of 
suffixes. 

We can now see what has happened to the radius in Protereisma. This 
vein is convex, and divides first of all into a positive triad, Ri ( + ), R 343 (— )* 
and R* +l (+). The negative member of this group, R 24 . 3 , next develops a 
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negative triad, viz. Rs* (— ), Rab ( + )> and R s ( — ) • The second and third* 
members of this triad remain unbranched to the margin ; but the first, 
develops another negative triad, from the third branch of which a 
further negative triad is also developed. To save complications in the 
notation, I have named the five veins developed on the wing-margin by 
these two latter triads lR 3a , 2 R 3a 3112a, 4K 2a and 5Ua a ; it will be noticed 
that they are alternately concave and convex. 

The triad system, as will be clearly seen, always results in the formation 
of alternately convex and concave veins along the wing-margin. There is a 
large body of evidence to show that, apart from the Mayflies, this system 
was the original system of branching of the veins in the insect wing. 
Consideration of this evidence is beyond the scope of this paper, but attention 
is drawn to it in the hope that students of other Orders will attempt to 
recognise the remains of triads in the wings before them. As examples 
of archaic triads, we may take the universally recognised primitive set ot 
three branches of It, viz., Rj, U 2+3 , K. 1 + 5 , which is formed from an original 
positive triad with the intermediate vein developed from the lower branch Rs. 
A similar archaic triad appears also to have developed from M, viz. Mj( — ), 
and M 3+4 ( — ), as shown in Protereisma , though this triad often* 
appears in other insects as M 1+2 (— ), M 3 ( + ), and M 4 ( — ), owing to a 
difference in the position of the origin of the intermediate vein. It will 
readily he seen how easily a pectinate series can be developed from the 
triadic system ; an example of this can be seen in the vein Cuj in ProUrehma. 
Simple dichotomies, on the other hand, may be explained by either the non- 
development or suppression of the middle member of a triad, as in the case 
of the secondary branches of Rs in most insects. 

We now pass from the consideration of the triad to the application of the 
rule of alternate convexity and concavity of veins as it affects the problem of 
the elucidation of the homologies of the wing-veins in an archaic Mayfly such 

Protereisma (text-figs. 1 , 3). The general rules applicable to all except 
very highly-specialised wing-types may be stated as follows : — 

( 1 ) Two strongly convex veins can always be recognised lying between 
the costal margin and the anal furrow, viz., Rj and Cu,. 

(2) The concave vein lying between Rj and the costal margin is Sc. 

(3) M is a weakly concave vein lying between two ridges of Rj and Ou 
In many archaic types it givos off a posterior branch close to the base, which 
joins with flu,, thus forming the eubito-mediun Y -rrf», the main stem of 
which is properly denoted by Ma + thh, though usually called simply Co,. 
If this Y-vein can be recognised, any doubts as to the limits of M and Rs 
should be finally removed. 

(4) The vein lying either in or slightly anterior to the anal furrow is the 
vena dividens , f hi*. 
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(5) The clavus or anal area is a wholly convex area, and may carry from 
one to three convex anal veins, any of which may be branched or simple. 

Applying those rules to a wcdl-prescrved specimen of Protereisma , such as 
the one figured in text-fig. 3, which Prof. Scbuchert kindly allowed me 
to keep for study during the last two years, the archaic condition of the 
wing-venation is clearly show n in that the application of all five of the above 
rules can lx* made without any doubt or hesitation. The high ridge of R, 
can be found at once with the concave vein Sc lying anterior to it. At the 
base of the wing there is developed a short convex vein between Sc and the 
costal border. This mu>t he considered as a true primitive costal vein, O, 
not a basil branch of Sc, since it is convex and not. concave. Sellard&fliH)?) 
has already shown how it forms a brace for the costal border, and has its 
homologue in existing Mayflies. 

Text-fig. 3. 





Basal portion of fore- wing of Protereisma fp., Lower Permian of Kansas, considerably 
enlarged to show details of venation. Note the cubito-median Y-vein having M, f 
as upper arm, Cui as lower arm, and M*+Ciii as main stem. For lettering, 
see p. 16 ” 

We should next set about determining ('u^ the anal furrow’ and the clavus, 
keeping the consideration of M and Rs until the last, as it is the limits of 
these veins which have been the chief trouble in the past. Again returning 
to our specimen of Protereisma , w r e find that the only vein which satisfies the 
conditions for Cuj is that which has previously been called 1A, and that its 
concave branch Ou 2 can he clearly seen running in the anal furrow w ith a 
characteristic curve basally, and separating off from the rest of the wing 
a small, but quite distinct, convex clavus on which only convex veins are 
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present. In order to test this conclusion, we next look for the cnbito-median 
Y-vein, and find that it is present quite close to the base of the wing in the. 
very characteristic form shown in text-fig. 3. This definitely determines the 
correct homology of the vein M b + Cui, and enables us to pick up at once tlie 
true median above it, viz. the concave vein which had previously been called 
Oui, in spite of the fact that it is not convex. We thus find that M is a 
three-branched vein, excluding M 5 , of triadic type, just as it is in so many 
of the Palseodiclyoptera themselves. 

We now have only the limits of Its to consider. The whole of the inany- 
brnnehed vein which had previously been considered to he formed of Its ami 
M, combined by basal fusion, is now seen to belong to Its alone. It arises 
from H, near the base, and its short basal piece i< convex. It then branches 
into a concave upper branch (R 2+s ) and a convex lower onc(li| hf ,); and thus, 
as already indicated above, it makes with Hj a true positive triad. The 
numerous branchings of Ks shown in Protereisma need not be a cause of 
wonder, since they are paralleled in quite a number of Palmed ietyopterous 
types^ 

In text-figs. 1 and 3, it should be noted that, excluding the clavus, on 
which all the veins are convex, the whole of the veins reaching the wing- 
margin are placed alternately convex and concave. The complete notation 
for the wing of Protereisma has been already given in the table on p. 145. 

Comparison of the Venations of Fossil and 
Recent Ma v flies. 

The next step is to make a careful comparison between the venation of fossil 
Mayflies and the more archaic representatives of existing types. For this 
purpose, I have chosen the wings of Ameletus ornatus , family 8iph lurid:? ; 
not because I believe it to be the most, archaic of existing types, hut because 
it is archaic enough^ for our purpose, and happens to be the species on which 
most of the studies of larval wing-trachcation w ere carried out. 

Comparing the wings of Protereisma (text-figs, la, 3) with the fore- wing 
of Ameletus (text-figs. 1 b y 4), the first thing we notice is the change in the 
general shape of the wing. That of Protereisma is of the archaic elongate 
oval form seen in most of the Palaeod ic tyoptera and in the fore-wings of 
Perlaria, in which no definite tornus and termen are developed, but only a 
single continuously curved posterior margin from base fo apex. In most 
recent Mayflies, Ameletus included, a definite tornus (in) is to be recognised; 
the angle of the tornus divides the original posterior margin into a shorter 
basal part, to which the term posterior margin is still applied (called the 
dorsum in Lepidoptera, but the term is inapplicable to Mayflies, which do 
not fold their wings over their body in a roof-like manner), and a nittcb 
longer distal part, called the termen or distal margin . The result of this is 
that the wing is now no longer of the primitive elongate oy&l shape, but 
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definitely triangular, the three angles being the base, the apex, and the tornus. 
In the evolution of this shape of wing there is a definite reduction of the 
areas served by the cubitus and anal veins, and a definite increase in the 
area served by the media and radial sector. Consequently, if Comstock and 
Needham’s theory of interpolated veins is justified, we should certainly 
expect to find a number of them developed along the termen in Ameletus. 
At first sight, this appears to have happened, since we can find at once no 
less than five long veins, viz. 2]}^ 4R2 H , K^u, Un*. and M 2 , which are not 
connected basally with their adjacent main veins. On the evidence of 
recent Mayflies alone, Needham's conclusions were perhaps warranted. But 
when we come to compare the venation of Ameletus with the fossil 
Protereisma , we find that every one of these veins corresponds exactly with 
a true branch of a main vein present in the fossil : and, further, the total 
number of veins present in Ameletus, and their alternate convexity and con- 
cavity, agrees exactly with the conditions in Protereisma . I have therefore 
no hesitation in assigning to the veins in the fore-wing of Ameletus the same 
names as I have already given to their homologues in Protereisma. 

In the section dealing with larval wing-trucheation, it will be shown that 
disconnection of the base of any branch vein is correlated with loss of its 
precedent trachea in the larval wing, and may well be a direct result of this 
larval condition. 

By comparing the wings of Ameletus and Protereisma , we are now able to 
see that the lengthening of the termen has taken place chiefly in the region 
served by R 4+ $ and M, the branches of these veins standing considerably 
further apart in Ameletus than in the fossil, whereas the area served by 
Ujj+B has altered very little. 

Turning our attention to Otij, we note that this remains a strongly convex 
vein, but its original triadic system of branching has been changed to a 
simple pectinate series, though the number of branches seven in all, remains 
the same, the branches still being alternately convex and concave. Though 
superficially striking, this change is really a very slight one, consisting only 
of a movement basad, on to the main stem, of the triad called Uui«. in 
text- figs, la, 3. 

The greatest changes that have taken place in the evolution of the existing 
type of Mayfly wing are those in the basal region of the wing. For these, 
we must refer to the enlarged basal area of Ameletus shown in text-fig. 4, 
and this must be compared with the basal portion of the wing of Protereisma 
in text-fig. 3. Here we note the following change.* s — 

{1) The separate costal vein C of the fossil has become fused with the 
costal margin, forming a thickened basal margin ; only its posterior distal 
branch, Am, remains free, and forms the strong oblique brace. Am, in A meletus 
and all recent Mayflies. The intermediate stage in this evolutionary 
process is well seen in the Jurassic Mayflies, the condition in Mesephemera 
cdlulosa (Hagen) being shown in text-fig. 4, upper figure. 
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(2) M has become fused basally for u short distance with Rs, the basal 
stem of the two veins becoming obsolescent, but actually showing a weak 
connection with M only, while the lost origin of Rs is shown by a very 
definite stump projecting from R] close to the base. In some recent 
Mayflies, however, Rs remains separate from M, and is attached tangentially 
to Ri just beneath hm. Both conditions may be regarded as specialisations 
involving the abortion of the original basal piece of Rs. 

(3) The basal portions of M and Cu, before the first forkings of these 
veins, run close together as in Proterehma , but both of them turn upwards 
almost transversely across the wing. At the upper end of this bent portion 
is the formation which I have called the cubito- median Y-vein, so greatly 


Text-fig. 4. 



Basal portion of fore-whig of Ameletus onmtm (Eaton), Recent, considerably enlarged 
to show details of venation, ft, stump of Rs. Above, costal vein and humeral 
brace (Am) in Mesephemem cellulosa (Hagen), Upper Jurassic of Solenhofcn. 
For lettering, see p. 102. 

reduced from its original conditions (as seen in Proteresima) that it can 
only just be made out in text-fig. 4. At this point, Cu forks, and its two 
branches turn at right angles to its former course and run outwards about 
parallel to the posterior border of the wing. Cu* remains, as in the 
fossil, a strongly^curved vein concave to the posterior border; but the 
shortening of its length lias brought with it a definite increase of curvature, 
so that the weak sigmoid curve which this vein shows in Protereiema 
becomes replaced by a single strong arch, cone&ve to the posterior border. 
Other recent Mayflies, such' as Ephemera, have the original sigmoid curve 
intensified, but the vein itself greatly reduced iu length, and the olavus 
almost completely obliterated. 
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(4) The anal area, or clavus, in greatly reduced size, being about one-fifth 
of the total wing- length in Ameletus , as compared with about one-third in 
Protereisma. The number of branches of the anal veins are correspondingly 
reduced, those of 1A to two definite branches, while 2 A and 3 A are only 
indicated by short, weakly-formed veins, as shown in text-fig. 4. 

(5) The articulation of the wing, situated at the origin of Sc and R, 
becomes greatly strengthened by the formation of a Hugh ovoid callus 
(text-fig. 4). It appears to be the growth of this callus which has forced 
the basal portions of M and Ou below it into their peculiar curved positions. 
In some recent Mayflies of higher type than Ameletus , those curved basal 
parts of M and Cu become strengthened and partially fused together; 
uniting with the bases of the anal vein also, they form an upwardly- 
curving arch convex to the posterior border, from which all the branches 
of Cu and A take their rise. 

We thus see that, in the archaic family Siphluridie, as represented by 
Ameletus , the correspondence with the Lower Permian fossil Mayflies is 
exceedingly close, and the homologies of the veins perfectly clear. This, of 
course, refers to the (brewing only. The hind-wing/which has undergone 
great reduction since Jurassic times, will he dealt with after the tracheation 
of the larval fore-tving has been considered. 

Tracheation of the Larval Wings. 

The study of the tracheation of the larval wings in New Zealand genera of 
the family Siphluridre was carried out chiefly, as already stated, in the (’ass 
Biological Station. Some material was also obtained around Wellington 
during my stay with Mr. Harold Hamilton, of the Dominion Museum, and 
the- dissections of those were caried out at his home in Karori. 1 wish here 
to thank Prof. Chilton and Mr. Hamilton for the facilities they afforded me 
for carrying out this work. 

The material studied consisted of numerous larva? of the following 
specie^: — Onisviyaster distans Eaton, Coloburisrus humeral is (Walk.), 
Ameletus ornatus (Eaton), and Ameletus perscitus Eaton. The larva? of the 
first and last of these were very abundant at (’ass, and provided the bulk 
of the dissections. The number of in stars is not known for .any of these 
larvae, but the wing-sheaths can be dissected out for at least five instars, 
showing comparative stages of growth from a tiny triangular hud up to a 
consideribly elongated flap. For comparative purposes, I have designated the 
youngest o£ these last five instars as the nth instar, viz. that in which the 
wing-buds are very small flaps, capable of being dissected off with very fine 
scissors if great care is exercised. The following instars will he termed the 
(n+l) th, (n4-£)th, (n + 3)tli, (/i + 4)th respectively, the (n + 4)th being 
the last larval instar. In order to avoid too many figures, I shall give 
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her© only a series of drawings which I made from the wing-sheaths of 
Ameletws ornatus , a larva which has fairly transparent wings, is easy to 
dissect, and in which the tracheae can ho followed without any trouble. 
Characters in which the other larva? differed from this will be noted 
below. 

The first point to be noticed is that the larval wing, in this Order, 
is soldered to the thorax over a considerable portion of its basal area. 

The free distal portion of the wing is that which lies to the right of the 
dotted line in text-figs. 5-9. Great care is necessary, in dissection, to 
remove sufficient of the soldered basal part to ensure that the bases of the 
wing-trachese, and their connections, are not severed or damaged in the 
operation. 

Just distad of the middle of the line marking the junction of the flap 
of the wing with the thorax, there is always present a somewhat triangular 
patch of hard chitin, shown shaded in all the figures. It at first separates 
the subcosto-radial group of tracheae, including M, from the cubito-anal 
group, as shown in text-fig. 5 for the nth ins tar. But, in the next instar, it 

Tjbxt-fig. 5. 



Ameletus omatu* (Eaton). Tracheation of fore- wing in wlb larval iustar. 

For lettering, see p, 162. ( x 97.) 

moves forward a little, so as to overlie part of the base of M ; and finally, in 
the last two instars, it conies to overlie the wholly or partially fused liases of 
R and M. From its final position in the last instar, it seems to me that 
this hard piece of chitin represents the large callus of the imaginal wingj 
its position in relation to the thorax is probably constant, its apparent 
movement forward being probably due to changes in the actual positions of 
the wing-trachese. The chief point of interest appears to me to be that it 
certainly does cause trachea M to run closer up to Ii than it naturally 
would if this callus were absent. Consequently, it may well be one of the 
factors which helped to bring about the fusion of M with Its basally, as we 
find it in the majority of larval wings in the last four instars (text-figs. 6-8). 
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Text-fig. 5 shows a typical fore-wing of Ameletus ornatus in the nth 
larval instar. There is no costal trachea visible. The alar trunk connecting 
the subcosto-radial with the cubito-anal group of trachea; is complete, 
though of small calibre, and the two groups are widoly separated. Instead 
of coining off separately from the alar trunk, the tracheae Sc, It, and M arise 
as separate branches from a single trachea oflarge calibre. Its branches, as 
a simple triad, into R*, U 3 , and R 4f fi. Trachea M arches gontly in front 
of the callus already mentioned, and thus comes very close up to Rs just 
where it comes off from R la Most of the larvae examined in this instar 
show exactly the condition given in text-fig. 5 ; but 1 found one larva in 
which trachea M had already captured trachea Us at its base. This 
condition becomes the usual one in the following instars. M is only two- 
branched, as in the Order Perlaria. The tracheae of the cubito-anal group 
are very fine in calibre; but I could distinctly make out (?Uj and 1A in all 
the larvro examined, and could see (Ju 2 in most of them. In following 
instars, no trachea is usually visible in Cu 2 , though I found it quite well 
developed in a fine larval wing of the penultimate or (n + ^)th instar shown 
in text-fig. 8. 

Text-kick 6. 



Ameletus ot'natut (Eaton). Tracheation of fore-wing in (w+l)th larval instar. 
For lettering, see p. 102. ( x 87.) 


Passing on to the next, or (»* + #)th instar (text-fig. 6), we note that the 
callus has now come to overlie the base of M, and in the great majority Of 
wings examined, trachea M has captured trachea Rs at its point of nearest 
approach bas&lly. I have notes of a few exceptions, chiefly in the genus 
Onucigasier^ in which, both in this and the following instars, any of the 
following conditions may happen to occur : — 

(1) Tracheae 8c, R, Rs, and M all come off in a bunch a9 separate trachea? 
from a single point on the alar trunk. 

(2) It arises from Sc, but Re and M arise close together from a point on 
the alar trunk a little below them. 
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(3) Rs and M are slightly separated basally, but come together so as to be 
almost indistinguishable while passing the callus, and then separate distall v. 

(4) Sc arises by itself from the alar trunk : considerably further down, a 
group of three separate trachese, Rj, Rs, and M, arise close together 

All the above conditions are occasional variants only from the dominant 
condition, which is that, shown in text-fig. 6. It should be noted that 
trachea M, in this instar, usually arises quite separately from tracdiea 
Sc + lij, and its course basally from alar trunk to callus diverges widely from 
that of the latter. The number of trachea? developed from Rs is increased 
to four by the forking of R 4+fi , and there is an indication of the addition of 
an anterior branch to R 3 in the form of a pale band, which never, at any 
time, as far as I could sec, develops more than the merest basal rudiment of 
a trachea, and usually possesses none at all. The number of branches of M 


Tkxt-fio. 7. 



Ameletus ornatus (Eaton). Tracheation of fore- wing in (w+£)th or antepenultimate 
larval instar. For lettering, see p. 362. ( x41.) 

is also ^increased to three by formation of the triad Mj, M 2 , M, +4 ; but tiie 
tracheal supply of the middle branch M 2 is quite irregular, and varies 
greatly in the different larva? examined. A separate costal trachea appears as 
a short basal anterior branch from Sc. The alar trunk continues complete, 
and of fair calibre. 

Passing next to the (n + ^)thor antepenultimate instar (text-fig. 7), we 
find the conditions not very different from those indicated for the previous 
instar, except for the presence of additional branches of R,, which now 
number five in all, and the establishment of the triad Mj, M s , M l+4 on a firm 
basis, with a single trachea supplying M s as shown. In text-fig. 7, I show 
a curious condition of trachea Cu t near the base. The course of the vein C% 
is indicated by the dotted line, but the trachea arches up out of its normal 
course, and passes close under Id. T have seen this condition several times, 
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not only with < Ju j , but in other parts of the larval wing. It seems to 
indicate a certain amount of instability in the tracheation, and may possibly 
be the stage precedent to a more complete breaking down of the tracheal 
supply, as exhibited in many of the forms studied by Miss Morgan. 

Text-fig. 8 shows the tracheation of the fore-wing in the (/i + 3Jth or 
penultimate instar. In this stage, R, Rs, and M generally appear to arise 
as a single thickened trachea from the alar trunk, at a point somewhat 
removed from the origin of 8c, and beneath the callus. By careful 
manipulation, this apparently single trachea can he separated into its 
component parts, when it will be seen that it is in reality three separate 
trachea; arising from almost the same point. In some specimens, however, 
R t may still be found arising as a branch of Sc, while Rs and M arise as a 
single trachea well below it. 1 think the varying conditions seen in the later 

Text-fig. 8. 



Amtletus ornytui (Eaton). Tracheation of fore-wing in (n-j-.?)th or penultimate 
larval instar. For lettering, see p. IGif. (x48.) 


instars are almost wholly due to the prosence of the callus, one or more of the 
original trachea? taking a devious course to avoid passing under it, or possibly 
becoming displaced at eedysis by the pressure of the harder mass of cliitin. 

In this instar, the number of branches of R s is still five, and the most 
anterior of these never has any tracheal supply except a mere rudiment- 
Various irregularities may be noted. In the specimen figured, the trachea 
which usually supplies the most posterior branch of ll 2 arises alongside the 
trachea belonging to the branch above, and runs with it to about half its 
length, when it turns downwards and supplies the course of the most 
posterior branch for its distal half only. The trachea supplying M s 
sometimes arises from M 9+4 . 0u s possesses a complete trachea in this 
specimen ; but in the majority of wings examined, it either has no trachea or 
a mere rudiment. These are all individual variations in the tracheation, and 
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are o£ no significance except to indicate the essential variability of the 
tracheation in many of its details. 

In this instar, the line of fusion of the wing-sheath with the thorax ceases 
to be straight, and shows a definite convex bulging between the subcosto- 
radial and cubito-anal groups of trachojc. The alar trunk is still complete, 
but thrown into a strong loop. The large anterior callus already noted in 
previous instars now appears in close contact wiih the axillary area of the 
thorax, this position corresponding with that in the imaginal wing, where the 
callus articulates with the axillary process of the thorax. A new structure 
is apparent in the cubito-anal region, viz. a smaller, somewhat reniform, 
posterior thickened patch, shown shaded in text-fig. 8. This corresponds 
with the opaque and somewhat thickened anal area at the base of the imaginal 
wing ; but it never becomes a true callus, i.e. it does not articulate with an 
axillary process from the thorax. 

The last or (n+4)th instar differs from the previous one in the much larger 
size of the wing-sheaths, ihc strong development of the anterior callus, the 
very clear indication of the whole of the imaginal venation, including all 
the cross-veins and veinlets, and the presence of all six branches of B a . 
In this instar, the tracheation is not easy to follow, owing to the strong 
pigment bands of the imaginal venation overlying it. As the general 
tracheation scheme is closely similar to that of the previous instar, and the 
same individual variations are equally apparent, it has not appeared necessary 
to me to figure it. One point of interest needs to be mentioned, viz. that I 
only succeeded in finding the complete alar trunk in one specimen of 
Oniscigaster distant. In all the others examined, the basal portion n/-a was 
missing, and the single trachea which gives origin to Ou and the anal veins 
appeared to arise from the same trunk as the other trachea? above it. This is 
exactly the condition shown in Miss Morgan’s figures (1912, pis. 5-7). 
Thus it will be seen that, if she had studied other instars as well as the last, 
she would not have fallen into the error of failing to homologise correctly 
the cubital tracheae and veins, which it is quite evident she has done. 

The above discussion applies to the fore-wing only. As the hind-wing is 
greatly reduced in size in all recent Mayflies, and differs very greatly from 
that of the Permian Mayflies, as well as from the fore-wing of recent forms, 
I have thought it best to summarise the evidence for its venational homologies 
in a separate section. 

The Hind-wing. 

The dissection of the small hind wing-sheath of a Mayfly nymph is not 
easy, and I only succeeded in getting good preparations from the last two 
instars. Text-fig. 9 shows the tracheation in the hind-wing of Ameletus 
ornatus , penultimate instar. The alar trunk is complete, but there are no 
signs of a callus. The line of fusion with the thorax lies well out beyond the 
origins of the wing-trachea, as shown by the dotted line in the figure. 
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There is a separate costal trachea G, lying far above Sc ; the latter trachea 
lies far above the group of It and M, which arise close together well down 
towards the cubito-anal group. Its arises from It very close to the point 

Text-ftg. 9. 



Ameletut ornatm ( Eaton) . Tracheation of hind- wing in (n-Htyth or penultimate 
larval instar. For lettering, Bee p. 162. (x87.) 

« 

where M curves slightly upwards, so as to eome very close to it. Rs divides 
into two branches, K 2+3 and lt 4+fi , each of which gives rise to a simple triad 
with incomplete tracheation. The middle branch of the triad of U 2+3 is 
supplied by the trachea It 8 , but It* and the distal part of R 3 have no trachea*. 
The two outer brandies of the triad of K 44 . 6 have their trachea* present, but 

Text-fig. 10. 



Atneletui omatua (Eaton). Venation of hind-wing. For lettering, see p. 162. ( x 16.) 


the middle branch has none. M gives rise to a simple triad in which the 
trachea supplying M a+4 switches up into the middle branch distally, leaving 
the diatal half of M* without a trachea. Cu s has no trachea. 
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In interpreting the above scheme, we must compare the imaginal venation 
shown in text-fig. 10 with the tracheation shown in text-fig. 9. There can 
then be no doubt as to the correct homologies of the main veins. Two points 
only are open to doubt. Firstly, wliat is the correct notation for the middle 
branch of the triad of R 2+8 ? This appears to be a branch of R*. But in the* 
penultimate instar of Oniscigaster distant, I find the trachea It* supplying 
this branch. I therefore conclude that the tracheation is variable, and give 
preference to the notation Rab for this vein. This is done because, in the 
fore-wings of recent Mayflies, and also in both wings of the fossil Proteremna , 
R 3 is an unbranched vein. Secondly, what is the correct notation for the 
middle branch of the triad of M? In this case, both in the larva of 
Oniscigaster distant and in the one figured, the trachea supplying it comes 
from M 3+4 . In addition to this, the vein itself, in the imaginal wing, arises 
from M i+4 as a definite branch. All the evidence, then, points to the correct 
notation for this vein being M 3 , the other members of the triad being M 1+2 
and M 4 . In this respect, we must reckon that the hind-wings of Ameletus 
and Oniscigaster differ from their fore-wings, and also from both wings of 
Protereisma . The explanation probably lies in a shifting, at some fairly early 
point in the evolution of the hind-wing, of the point of attachment of tlio 
middle member of the triad, followed at a slightly later time by the 
development of a corresponding new tracheal supply. 

Alternative Interpretations. 

Having now considered all the evidence available under the three headings 
already indicated, we may ask whether any of them offer any basis for ail 
alternative interpretation. The answer to this must be, that, in the case of 
the evidence from Convex and Concave Veins, and from the Fossil Record, 
there can be no doubt whatever as to the true homologies of the veins, and 
no alternatives to the solution here given can be offered. In the case of the 
larval tracheation, we have noted a considerable amount of variation both in 
the branch tracheal supply and in the mode of origin of the main trachcm 
from the alar trunk. To anyone, therefore, who pins his faith upon this kind 
of evidence alone, and who refuses to admit that offered under the two other 
headings, alternative solutions are possible. The two chief alternatives, of 
coarse, are those given in the table on p. 145 as the Comstock-Needham and 
Morgan notations respectively. We may ask whether the evidence from 
the tracheae alone does really support either of these two schemes rather than 
the one we have given in this paper. 

With regard to the original interpretation given by Comstock and Needham, 
this clearly assumed that there bad been u basal fusion between Rs, M, and, 
Cu. The evidence of the tracheation certainly supports the idea of a basal 
fusion between Rs and M ; but it shows clearly enough that Cu remains 
quite distinct. It does not seem necessary to say more about this alternative 
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notation, for the simple reason that its authors themselves admitted that it 
was unsatisfactory ; and, later on, they accepted Miss Morgan’s interpretation 
instead (see Comstock, 1918, chap. x.j. We have, then, only to consider 
Miss Morgan’s notation. With respect to this, wc may note the following 
points:- -- 

(1) The research was carried out on wings of the last larval instar only. 
In this instar the tracheation is the most variable of all, and the posterior 
continuation of the alar trunk is usually absent. In spite of this, Miss 
Morgan correctly interpreted the homologies of the cubital trachea), but 
failed, for some reason, to connect them with their true venational homologues 
in the imago. Had she examined the tracheation in this region in earlier 
instars, she could not have failed to note the close correspondence between 
the strongly bent cubitus in the larva and imago ; and her results, as far as 
the limits of Ou were concerned, would then have agreed with those given in 
this paper. 

(2) The evidence for her chief innovation, viz. the crossing of a simple Its 
over two branches of AT, as in Anisopterous Dragonflies, is not forthcoming 
from the great majority of the larval wings examined, but only from the 
wings of a single species, in which, as she admits (/. r. p. 98), “ half of 
the wing-pads showed the radial brandling just deseril>ed and half of them 
gave no sign of it/ 5 The species which gave, in only one-half of its 
representatives, an indication of Its crossing over M, was a species of 
ffrjttayenm, a genus which is by no means the most archaic of the iifteeu 
genera studied bv Miss Morgan, Yet she accepts this evidence, against the 
weight of evidence supplied by all the other fifteen genera and the other 
species of Ifeptagenia included ! 

As I ha\e already pointed out, new light on the venation of Dragonflies 
has made it certain that Its does not cross over M in the Zygoptera, and has 
also rendered it extremely improbable that the trachea which does this in tlie 
Anisoptera is Its at all. The evidence for a crossing of tts over M in 
Mayflies to be found within the Order itself is, iis we have seen, practically 
ne 8^8*kle. Thus Mis* Morgan's whole case totters to the ground, and must 
be replaced by a more lasting structure. 

To sum up, we have seen how the evidence from the Convexity and 
Concavity of Veins agrees absolutely with that offered by a study of the 
Permian fossil Protereisma , and the combined evidence of these two lines of 
study is supported to a very great extent by that of the tracheation of larval 
wings, the only doubtful point in this latter evidence being its undoubted 
tendency to vary. Taken all together, the new system of homologies appears 
.to me to be supported by so great a weight of evidence as to be at once 
acceptable in plaoe of the hypotheses previously offered in the Comstock- 
Needham and Morgan notations respectively. At the same time it offers a 
new and clear basis on which to build up a system of classification within the 

11 * 
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Order, which will present, to some extent at any rate, the real lines of 
evolution of the Mayflies through the long period of time from the Lower 
Permian to the present day. That problom may well he left to a later paper. 
1 also hope to continue the series already begun on the venation of Odonata, 
and to show how, in that Order, the behaviour of the radial sector has 
followed the lines set out in this paper for the Mayflies, though very high 
specialisations of the Odonate venation have masked the original close 
similarity between it and that of Mayflies. 

Cawthron Institute, Nelson, 

SI March, 1922. 
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Venational Notation used in the Te.vt-figures. 

1 A, first analis ; lA^ 1 A 2 , its two branches. 2 A, second analis. 3 A* 
third analis. C, costal vein or trachea, separate from the costal margin. 
Ou, cubitus. On j, first cubitus; Cu la , Cu lb , Cu u ., its principal triad in 
Protereisma . Cu 2 , second cubitus or vena dividens. cu-a, cubito-annl trunk 
trachea, cvf, primary cubital fork. Am, humeral brace, formed from the 
descending posterior branch of the costal vein, k, stump of Its. M, media ; 
Mi* M s , M 3+4 , the three branches of its triad. M$, its posterior branch, 
forming the upper arm of the cubito-median Y -vein, the lower arm being 
Cui. Ms + Ciii, in Protereisma , the main stem of the cubito-median Y-Vein* 
commonly called Cux. ^ mf 9 the primary median fork. Pc, precost al margin. 
R, radius ; Ri, its main stem or anterior branch. Its, radial sector ; Rj . 3 , 
R 4+ 6, its two main branches ; further branchings are indicated, first by tlie 
four veins It 2 , lt 3 , R 4 , R ft , then by the suffixes a (anterior) or h (posterior) 
attached to any of these four veins, and finally by numerical prefixes 1 to 5, 
to avoid further suffixes. Sc, subcosta. subcosto-radiul trunk trachea* 

tit, tornus. 
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The Structure of Certain Palaeozoic Dipnoi. By D. M. S. Watson, F.R.S., 
and E. L. Gill, M.Sc. (Communicated by Prof. E. S. Goodrich, 
F.R.S., Sec.L.S.) 

(With 34 Text-figures.) 

[Head 30th November, 1922.] 

This work began by an attempt to write an account of the structure of the 
Coal-Measure fish Say e nodus and Ctenodus on the basis of the splendid 
material in Newcastle. This collection when worked over by us left certain 
problems unsolved which have in part been cleared up by fossils in Edinburgh 
and elsewhere. During our search for this information we saw 7 the splendid 
specimens of Cronemus in Edinburgh, and the wish for further light on 
certain morphological problems led us to extend the investigation to several 
other palaeozoic Dipnoi. 

The resulting paper now gives an account of the structure of these fish, 
which certainly includes the chief variants known tb have occurred in tho 
group, although some forms which might prove of great interest are still 
known to us only by the original descriptions or by unsatisfactory specimens. 

With the possible exception of l*ipterus y the most completely known of 
the fossil Dipnoi is now 7 Sayenodus , and w 7 e therefore deal with that fish first, 
following on with an account of the related genus Ctenodus . For these two 
genera, the chief source of our material has been the Atthcy Collection in the 
Hancock Museum at Newcastle-on-Tyne, but additional information of great 
importance has been derived from fine specimens in the Royal Scottish 
Museum and British Museum (Natural History). 

The material is from the following horizons and localities : — 

Lower ( 'arkoniferous (Oil Shale group) : Broxburn, Loanhead, and 
other localities near Edinburgh — (Sayenodus and Ctenodus). 

Upper Carboniferous (Westphalian): Newsham, Northumberland; 
Longton, Staff's. ; Ardwick, Lancs. ; New 7 arthill, Lanarkshire : 
Linton, Ohio ; Kansas — (Sagenodus and Ctenodus). 

Upper Carboniferous (Stephanian) : Nyran, Bohemia — (Sageno- 
dus). 

Lower Permian (Artinskian) : Wichita, Texas; Kounova, Bohemia — 
(Sagenodus). 


m Sagenodus, Owen. 

Until the publication of Dr. Smith Woodward’s second volume of the 
“Catalogue of Fossil Fishes” in 1891, the generic distinctness of Sagenodus 
from Ctenodus was not generally recognized. Nearly all the published work 
of any importance on the structure of these fishes appeared before that date, 
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and consequently in that work Sagenodus was usually referred to under the* 
name of Ctenodus obliquus • The specific names imbricatus 9 ellipticus , elegam , 
and others, many of them probably synonyms of obliquus and of Owen’s species 
8. incequalis , wore also applied by the earlier investigators to remains of 
Sagenodus; and more recently a large number of names of very doubtful 
value have been put forward, founded as a rule on isolated examples of the 
abundant and very variable tooth-plates. 


Fig. 1. 



\ j 

tob.h. occ.f. 


Sagenodus. Dorsal aspect of cranial roof, X f. Mainly from a specimen from the Low 
Main Seam of Newsham, in the Royal Scottish Museum, fr., “frontal” (= fr ontal 
+ post-frontal ?)■, i.fr., interfrontal; i tem., intertemporal; ««., nasal; oce ./., occipital 
flange; p.na., prenasal ossicles; par., “parietal" (= parietal + dermo-eupra occipital) ; 
*f-i “squamosal”; tab., “tabular” (= tabular +supratemp oral) ; 'tabJt., tabular bom. 

What has hitherto been known of the structure of Sagenodut was due 
mainly to the investigations of Tiios. Atthey and Albany Hancock (1868- 
1875). Important additions were made by L. 0. Miall (1881). Fritsoh* in 
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liis 4 Fauna der Gaskohle 1 (vol. ii. 1889), published numerous excellent 
figures of detached bones of Sayenodus , but a largo proportion of them weie 
unidentified, and his letterpress added little to what was already known. 
More recent contributions will be mentioned incidentally and in the List of 
Literature. 

The available material has been re-examined bj us, and the results me 
here stated, largely in the form of figures. 

Fig. 2. 






Sagenodu*. Cranial roof of six individuals, to illustrate the extent of variation A -Ik 
Altliey Coll ,* from the Low Main Seam, New si am , E, V, lloyal Scottish Museum, 
from the Virtuewell Hearn, Ne wart hill. 

In its general structure the skull of Sayenodus resembles that of C eratodus 
in having an extensive cartilaginous neural cranium, of which no tracer are 
ever to be seen, surrounded and supported by well-developed membrane 
bones. The bones which coveted the top of the head frequently remain 
connected together in the fossils, but no complete aiticulated skulls are 
known. 

9 Except where otherwise stated, the originals of all figures are in the Atthey Collection. 
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The Roof of the Skull . 

It has been customary to dismiss the cranial roof of Sagenodus and 
Ctenodus as being composed of numerous small bones of rather indeterminate 
arrangement and doubtful homology, though bearing a considerable resem- 
blance to those of tho roof of the skull in Dipterus . Incomplete skull-roofs 
of both genera were described, but not figured, by Hancock and Attkey 
(1872, p. 401), who clearly stated some of the points distinguishing skulls of 
Ctenodus tuherculatus (i. e . the genus Ctenodus as now understood) from those 
of C. ohliquus (i. e. Sagenodus ). Rough figures of the posterior roof-bones of 
the Sagenodus skull were given by T. P. Barkas (1873, figs. 244-246) and 
Miall (1881, fig. 1). Miall’s figure was good as far as it went, except in 
the region of the bones that we call the intertemporal s, where it is probable 
that he was misled by false suggestions of sutures. In a largo number of 
examples, at any rate, we have met with no similar case, though monstrosities 
do occasionally occur (< if . fig. 6, A and U, p. 170).* 

Of Barkas’s three figures, 245 evidently represents the same specimen as 
was used by Miall for the right side of his figure, while fig. 246 represents a 
fragment seen from the underside and showing the shape regularly assumed 
underneath by the suture at the front of the “parietal.” His fig. 244, that 
of the hinder two-thirds of a skull-roof, is correct on the ■whole, but the 
posterior corners are missing ; the original is now in the British Museum 
(No. 45852). 

The length of an average skull-roof is about 5^ inches (14 cm.), but some 
were rather larger. The figure here given (fig. 1, p. 364), together with the 
variations represented in fig. 2, renders unnecessary a detailed description of 
the form of the bones. The bones are named in accordance with the sug- 
gestions of Watson and Day (1916, p. 42). Their degree of variability may 
be estimated by comparing the outline of any one bone through the series of 
figures, each drawn from an actual specimen, given in fig. 2, p. 165. It will 
be seen that though there is wide variation in details of shape, there is never 
any difficulty (apart, from rare monstrosities) in recognizing single bones 
detached from the skull. 

In the state in which they occur in the shales the bones of the skull-roof 
are about 4 mm. thick in full-sized heads. Neighbouring bones are locked 
together by means of thin laminas, radially ribbed, springing from almost the 
lowest level of the thickness of the bones and fitting into the adjacent bone 
at the same level. Mr. H. Fletcher, late of the Zoological Museum, Uni- 
versity College, Reading, tells us that the bones in the skull-roof of Ceratodus 
forsten are articulated in the same way. On the inner surface of the roof 
some bones encroach upon others further than thoydo outside, so. that though 
the pattern on the two surfaces is nearly the same it is never identical. 


* In fig. 0p A, the right frontal (/r.r.) is quite abnormal in shape, and in fig. 6, C, the left 

S" ? Urely ™? hed ’ the re ^ on in which lt sh °uld be being occupied by an 
enlargement of the bones which normally surround it. 
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The inner £ace o£ the roof-bones has a polished surface and usually bears 
radiating ridges. The outer face varies a good deal in surface character, but 
it is generally granulated, with a varying degree of gloss, and shows fine lines 
radiating on each bone from a central pit or rosette. Bundles of these lines 
often run from the rosette of one bone to that of the next. Rosettes are 
always more strongly developed on the frontal and squamosal than on the 
other bones. The whole appearance of the bones suggests that the head was 


Fig. 3. 



Sagenodm . Nasal and prenasal bones. Q and K after Fritsch, all the rest from specimens 
in the Atthey Collection from Newsham, X about 
A-M, prenasal' ossicles : F, G, H, J, under surface, the rest dorsal aspect. 

N-S, nasals: P, under surface of O; S, a remarkable form which would not fit into any 
skull yet seen. 


covered only by a thin skin, and not, os in Ceratodus , by scales. This 
•uppoaition is confirmed by the occasional appearance of the grooves of 
sensory canals on the skull-roof. A well-marked lateral-line groove is 
seen to rnn from the rosette of the “ parietal,*’ first to the rosette of the 
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intertemporal and then to that of the squamosal. This groove is for a line 
of pit organs, found also in Ceratodus, Such grooves are independent of 
the bundles of stri® already referred to. The corresponding bones of very 
young individuals show these grooves much more plainly (see fig 4, A, B, C, 
below). The course of the grooves, when they appear at all, is precisely that 
of the sensory grooves marked on the skull of Dipterus . 

One common type of skull-roof is not represented in fig. 2, p. 165, because 
it apparently always came to pieces in fossilization, and is hence only known 
by detached bones. It is characterized by the high polish of the external (as 
well as of the internal) surface of the bones, by their simplified outline, and 
by the conspicuous zonal bands near their margins. A fish of this type was 
evidently the predominant Sage nodus in Fritsch's collection from the 


Fig. 4. 



B D 


Sagenodus. Pftrietals, x about 3. A and B, of very young individuals, show well-marked 
lateral-line grooves and illustrate the scale-like form of the young hones ; C is of a 
rather older individual ; D is a hone of the zonal And polished type ; though small, it 
has the adult form. 

Oaskohle ; in the Atthey Collection it is comparatively scarce and usually 
of very small size, but a few large “ parietals ” prove that in the Northum- 
brian coalfield, as in the Bohemian, it reached the same size as the other 
forms. A very small “ parietal” of this zoned and polished type is 
represented in fig. 4, D, above. 

The posterior margin of the skull-roof presents as a rule a concave ont^ 
line, sometimes pronouncedly so (fig. 2, E & F, p. 165 ; fig. 18, A, p. 183). 
In a few cases it is nearly straight or even slightly convex. A pair of 
tabular horns for the attachment of the shoulder-girdle are conspicuous at 
the back of a well-preserved skulk At the level of the inner face of ’these 
horns (here is a thin frill of bone (fig. 1, p. 164, occj.) stretching across t be 
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whole hinder border of the skull. It springs from the three hinderinost 
roof-bones, not at their actual edge, but from a little way forward on the 
under surface, and along this line the extreme hind border of the bones is 
frequently cracked and bent down in fossilization. It is possible that in life 
this thin flange stood vertically, more or less at right angles to the skull-roof, 
and overlapped the hinder surface of the neural cranium. 

From the outer hind corner of the tabular forward to the outermost point 
of the squamosal the edge of the skull-roof is rounded off and usually lobed 
and corrugated, except for a smooth and very definite notch in the border of 
the squamosal. It is along this part of the roof that the operculum is hinged 


Fig. o. 



Sagenodus. Circuinorbitals, X about 
Outer faces on tbe left, inner on tbe right. 

(see fig. 18, p. 183). The notch in the squamosal lodges the anterior knob of 
the operculum, and the two bones forming the hinge-line behind the notch 
bear on their under .surface a groove, bounded internally by a ridge, which 
en gages a flange borne by tbe operculum along its upper border. The 
posterior knob of the operculum, more or less strongly developed, fits against 
the hinder end of the smaller corrugated bone close to the corner of the 
tabular. 

From the outer point of the squamosal forwards the edge of the skull-roof 
everywhere shows articular faces, with articular laminse where the bones 
are well preserved. It is here that the orbitals and other marginal bones 
were attached. As a rule, however, the marginal bones, and the nasals as 
well, have been lost, even where the main part of the skull-roof has held 
together. Probably this main part (represented in the outlines in fig. 2, 
p. 165), was flat or nearly so, whereas the bones bordering it would be 
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articulated with it on a downward curve, and would be subjected to much 
greater strains during the maceration undergone by the skull before its burial. 
The nasals are shown in their natural position in several skulls in the Royal 
Scottish Museum ; one skull from Newsham, in the same museum (No. 
1378.45.7), shows several prenasal ossicles in position as well. They are 
introduced in fig. 1, p. 164. In the Atthey Collection there are a number of 
detached nasals and prenasals. Both are much more variable in shape than 
the other bones of the skull-roof behind them (sec fig. 3, p. 167). All the 
prenasal ossicles seem to be crossed on the underside by a ridge and 
groove (fig. 3, F, G, H, J, p. 167), which may mark the position of a lateral- 
line canal. 

Fig. 0. 



Sagenodm . Outlines of specimens, showing marginal ossicles and circumorbitals. 

A. From the Virtuewell Seam, Newarthill, Lanarkshire. Koyal Scot. Mus. (1897/110/31). 

pt.r. & pt.l, f right and left pterygoids with their teeth t.r. & tX ; man., mandible. 

B. From the same horizon and locality as fig. A. R.S.M. (1897/112/5). 

C. Coal Measures, Linton, Ohio, U.S.A, British Museum (N.II.) (P. 7773). 

Circumorbitals and Marginal Ossicles . 

These bones frequently occur scattered among the other bones in dis- 
articulated examples of Sagenodus on slabs of shale, and in the Atthey 
Collection there are large numbers of them in this sort of association or as 
isolated bones freed from the matrix. Many of them were certainly orbitals, 
for they have one of their edges thinned out and rounded, and leading on the 
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underside to a hollowed and polished surface. Four of the commonest 
patterns (of each of which there are several duplicates) are represented in 
fig. 5, p. 169. It will he noticed that the radius of curvature of the orbital 
notches is far from uniform, apart from questions of size of bones, which 
seems to indicate that the orbit cannot have been circular. One skull in the 
Atthey Collection (fig. 18, A, p. 183), several in the Royal Scottish Museum 
(e.ff. fig. 6, A, B, p. 170), and one fragment from Ohio in the British 
Museum (fig. 6, C, p. 170), show some of the orbital and other marginal 
bones in top view in articulation with the skull-roof, but no specimen wo have 
yet seen gives much help in reconstructing the orbit itself. The hypothetical 
arrangement which we suggest in fig. 20, p. 186, is chiefly based on an 
examination of the ‘hones themselves, taking account of the edges bearing 
orbital notches, the edges with articular faces, and the edges which were 
evidently free. It accounts for all the recognizable types of eireumorbitals 
which occur in the Atthoy Collection. Some of the skulls referred to above 
show that the smaller marginal bones articulating with the nasals and with 
the fore-part of the frontals did not enter into the orbit, and we have 
accordingly represented them as intermediate roofing ossicles. 

The Palate . 

Neither we nor previous workers have found indications of any kind of 
ossification of the brain-case, which must have been as completely cartila- 
ginous as it is in i'eratodus . Where the skull-roof and the palate are 
undisturbed they lie directly one upon the other, usually with hardly a trace 
even of the matrix between them. 

The hones of the palate have been well known for many years, and the 
additional observations that we have to make refer mainly to certain details 
of their relations to one another. Like all the other bones of Saaenodus , the 
parasphenoid is very variable in form within definite limits, and especially 
so in regard to the development of a median ridge on the buccal face of its 
main 44 lozenge*’ and in the shape and prominence of the lozenge at its 
hinder angle. Common types are represented in fig. 9, p. 174. The para- 
sphenoids collected at Newshatn were supposed by Hancock and Attliey to 
belong to about half-a-dozen distinct species, a view which Miall dissented 
from, though it is not without some measure of snpport. 

Even before the existing Ceratodus became known, it was seen in a general 
way how the pterygoids with their tooth-plates must have fitted round the 
lozenge of the parasphenoid. Attempts to depict the bones in their natural 
position have not, however, been altogether happy, Mia IPs restoration 
(1874, pi. 47), which is based oil the similar palate of Ctenodus, is the most 
successful, but he shows the hinder ends of the pterygoids projecting as loose 
frills beyond the lozenge. Williston’s figure (1899, pi. 37. fig. 2) has the 
same defect, and in addition his pterygoids lack mo»t of their hinder wing,. 
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and he shows the parasphenoid with its cranial face turned to the mouth. 
“The cranial and bncoal faces of the parasphenoid had been correctly identified 
by Miall (1881, fig. 3). 

The way in which the pterygoids actually fitted on to the parasphenoid is 
perfectly shown by two specimens in the Royal Scottish Museum (Nos. 1902. 
73 and 1894.IG8.2). These actually belong to an early form of Ctenodus 
(the form to which Traquair applied Barkas’s name Ctenodus interruptus ) ; 
but as this form had the palate of a Sagenodus, and us the differences between 
typical palates of the two genera are in any case slight, it is appropriate to 
refer to them here. The more perfect of the two specimens is depicted, 
from a rough sketch, in fig. 24, p. 193. It shows that the lateral corners 
of the parasphenoid lozenge, looked at from the buccal aspect, overlay the 
edges of the pterygoid, but that towards the front of the lozenge these edges 
passed on to its buccal face and met each other across it by a square corner 
at the hinder end of their symphysis. Well-preserved examples of the 

Fi«. 7. 


A B 

Sagenodus. Sub-operculum, x J. A, outer surface ; B, inner surface of another example. 

pterygoid (fig, 8, A, p. 173), as a matter of fact, always sltow a roughened 
-surface corresponding to the corner of the parasphenoid to which they were 
articulated. (It is of the same character as the corresponding narrower 
surface on the pterygoids of Ceratodus , and has been figured by Atthey and 
by Williston.) They also show the corner at the hinder end ©f the symphysis 
by which they met their fellow across the face of the parasphenoid, and the 
imprint of these corners is occasionally visible on a detached parasphenoid. 
It is only in “ Ctenodus interruptus 99 that the corner is square. In other 
forms both of Ctenodus and Sagenodus it is obtuse and meets its fellow in a 
forwardly-pointing angle. The arrangement of the elements of the palate in 
a typical Sagenodus in seen in fig. 10, p, 176. 

The meeting of the pterygoids across the front of the parasphenoid may 
in part explain the singularly weak pterygoid symphysis. In Ceratodus the 
pterygoid symphysis is very much stronger than that of the lower jaw ; in 
Sagenodus it is altogether weaker, for tho bones meet only in a long, thin 
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«dge. At the back, however, this weak symphysis is supported on the 
cranial face for some part of its length by the anterior process of the 
parasphenoid, though that still leaves the forward part and tho long anterior 
ridges of the tooth-plates to all appearance very insufficiently provided 
against the strains of mastication. This region, however, no doubt received 
further support from the overlying cartilaginous cranium. 

Fio. 8. 



A, Sagenodut ; B, Ctmodu*. Left pterygoid and tooth-plate, X f . 

As they occur in the shales, the pterygoids and their tooth-plates are 
nearly always orushed into one plane. There can be no doubt, however, 
that in life the wing of the pterygoid would be bent downward along its 
outer edge to support the quadrate. It may not have been bent so sharply 
as in Ceratodut, where it stands at right-angles to the tooth-plate, hut that 
it was considerably bent is proved by the abundant cracks that break tho 
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surface of these flattened bones, as well as by the curve actually shown by the 
least crushed examples — among them some very small pterygoids which by 
their minuteness have escaped the worst of the crushing. 

The facet on the 9 U toe 99 of the pterygoid was remarked upon by Miall 
(1881, p. 292). It is precisely like the corresponding facet in Ceratodns , 
except that in Ceratodus the facet itself is composed of cartilage; and 
it doubtless had the same function, namely to support the quadrate and 
strengthen the articulation of the lower jaw. 

The Quadrate . 

The bone which we take to be the quadrate has long been known as a 
bone of Sagenodus , but has been assigned to various positions. Fritsch 


Fig. 0. 



S agenodus, Parnsphenoids, x about A. 

A and B, palatal surface (B, the commoner type) ; C, dorsal surface. 


usually identified it as a scapula (“ Schulterblatt "), as in his Taf, 77,. 
figs. 1 and 4 (1889), but another example, Taf. 77, fig. 12, is labelled 
“Femur?”. The same bone was well figured by Williston (1899, pi, 28, 
fig. 3), who suggested that it might be the ceratohyal. It is a large 
bone in proportion to the size of the head, but in a Dipnoan with a 
head deep enough to accommodate such an operculum us that of Sagenodu $ 
the quadrate would necessarily be large. Even as it is, there is evidence 
that its upper end was incompletely ossified. The ossification of the rest 
of the bone, too, was more or less superficial, though carried much further 
than in the quadrate of Ceratodus . As they are found in the shales, the 
bones have always collapsed under pressure as the core of cartilage decayed,. 
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Fig. 11, 0 and D, p. 177, show good examples from the Low Main shale, 
Newsham, in the Atthey Collection. Both ends of the bone were expanded, 
the lower more so than the upper. One side of the shaft bore a pronounced 
longitudinal ridge or wing, better preserved in Williston’s and some of 
Fritsch’s examples than in ours. The aspect shown in fig. 11, O, p. 177, 
we take to be the inside of a right quadrate, and wo suggest that the facet 
on the toe of the pterygoid was applied to the prominence there shown at the 
lower end of the bone on the right, possibly also engaging with part of the 
longitudinal wing. 

We have been unable to identify any further bones as belonging to the 
skull proper. Vomerine teeth were described and figured by Atthey (1877), 
and we see no reason to doubt his identification ; but no trace of bone is 
attached to these teeth, and it is probable that the vomers were represented 
solely by the bases of the teeth, as in Ceratodus . 

We have not been able, either, to identify any of the hyoid bones with 

certainty. Many large rib-like bones occur on slabs of shale among the 

other remains of Sagenodus , and there can be little doubt that some of them 
are hyoid* others probably cranial ribs. Fritsch was confident that he had 
identified both ; the hone he named “ first cranial rib ” (1889, Taf. 77, fig. 5) 
may well bo such, but some of his “ hyoids,” especially that figured at 
Taf. 71, fig. 5, are probably not bones of Sagenodus at all *. 

The Lower Jaw . 

The main features of the structure of the lower jaw were made out many 
years ago. Hancock and Atthey described and figured the “ spleuial^ in 
1872 ; and in 1877 Atthey announced the discovery of the angular 

(“articular"), which he bad been able to identify by comparison with the 
newly-discovered Ceratodus forsteri . To complete the resemblance of the 
jaw to that of Ceratodus , a “ dentary v t element was needed, and its 

existence in Sagenodus was first demonstrated by Watson and Day (1918), 
who found it in the form of a broken cross-section fitting on to the 
front of the angulars in a head in the Manchester Museum (L. 10904). 
In the Atthey Collection we have found an abundance of examples of tlie 
bone itself, some lying among the other remains of crushed heads and 
many others freed from the matrix. In the Dinning Collection, also in 

• Fritsch believed (p. 07) that he could recognize the bones of **' Ctenodus obtiquus ’* with 
certainty by their lustre and colour, and in a few instances this criterion possibly led him 
astray. 

t As will appear from a later discussion of the jaw of Lipterus , there is good ground 
for thinking that the bones here referred to as " splenial *’ and “ dentary '* are not properly 
so named. But since, following Huxley (P. Z. S. 1876, p. 34), the corresponding bones in 
Ceratodus have long been known by those names, we retain them in this description, only 
placing them in quotatioiwnarks. 
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the Hancock Museum, there is a small angular with the 44 dentary ” still 
in natural articulation with it. This specimen bears a label in Atthey’s 
handwriting, and as he called it simply u Ctenodus , articular bone/’ he 
presumably thought it merely a damaged or aberrant angular. It Is 
represented in fig. 14, p 180. 

The figures here given will make it unnecessary to describe the jaw at 
length. Restorations in different aspects are given in fig. 12, A, B # 0, D, 
p. 178, and corresponding views of the lower jaw of Ceratodus , after removal 
of the cartilage, are given in fig. 13, p. 179. It will be seen that apart 
from the difference in the tooth-plates the two jaws arc remarkably alike. 
The bones in Sagenodus are very much stouter, but that is a difference that 
obtains in nearly all parts of the skeleton. 


Fig. 10. 



Sagenodus. Reconstruction of palate, showing pterygoids in natural 
articulation with the parasphenoid. The postero-lateral wings 
(quadrate rami) of the pterygoids are shown flattened into 
the same plane as the parasphenoid. 

The bones that differ most in the two forms are the “ dentaries,” for 
though they are much alike as seen from below, the “* dentaries *' in 
Sagenodus take a more essential share in forming the jaw than they do in 
Ceratodus. In the latter fish they are papery bones feebly connected with 

hy 8 yw ? sl, 'e ht K roov « near the edge. In Sagenodus (fig. 15, 
p. 180) they are strong bones firmly united with the angulars, which have a 
pronounced groove for their reception along the anterior half of their lower 
edge. But the niOBt striking difference in the “ dentaries” of the’two fishes 
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lies in the form of the hind border. In the u dentary n of Ceratodns this 
border is thin and papery like the rest of the hone. In the Sayenodus 
u dentary 99 it is widened abruptly, and presents a deep, polished face toward 
the gular space (fig. 15, D, p. 180). This part of the jaw is, in fact, 
finished off in almost precisely the same way as the corresponding part in 
/Hpterus , and, as we show later, for the same purpose : to form a bearing for 
gular plates. 

AH the elements of the jaw are as variable as the teeth have long been 
known to he. Fig. 12 E, p. 178, shows that some jaws are deeper than that 
figured above it at C, and certain angulars in the Atthey Collection would fit 

Fig. 11. 



c d 

* Supposed Quadrates, X about 

A, B. Supposed to be of Ctvnodu*. 0, 1). Sayenixim, (A and B are opposite sides 
of the same specimen : C and D are opposite sides of two different specimens.) 

a jaw of this deeper form. Other angulars suggest an even shallower jaw 
than C. Well-preserved angulars show that both the upper and lower borders 
of the bone were rolled inwards very considerably ; the lower part towards 
the middle of its length formed a sort of floor inside (fig. 12, F, p. 178), 
and the upper edge bears a bracket for the support of the back of the tooth- 
plate, as was noticed by Atthey (1877, p. 228). Very small angulars, of 
3 or 4 cm. in length, not having been seriously crushed, exhibit this inward 

12 * 
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rolling of the upper and lower borders very markedly. The “ dentaries are 
even more variable than the other bones of the jaw, both as regards shape 
and surface character. Three different patterns are shown in fig. 15, p. 180. 
The u dentary ** there marked 0 is one of the shortest in relative length und 
deepest at the symphysis ; some are even narrower than the one figured at A. 
The symphysis itself is commonly of the character shown in I ) } much like 
that of the u splenial” in fact : hut a (|uite different type occurs in which 
the u dentaries" were united by interlocking spines, us shown at A. The 


Fig. 12. 




Sagenodus. Reconstruction of lower jaw, X -J. A, dorsal, Jl ventral, C lateral 
D, medial aspects; 15, "eplemal,” from the outer side- F nrurular f.,,m il! * • ,’ 

side; mg., angular ; «dentarv "(.sbUbUI ’ , ’ "F*. tbon,,w,al 

(Compare with figs. 13 of Ctratodus and 27 of Ctenodu*) PM? i S wI!" ar # t,CUla ?* 


lta. oEKO-orjpit, in th. angular i, often o™ linowl „„ , be 

where this is the case one of the pits seems regularly to lie on *k “ 

<8g. 14, p. 180). po»terior borf„‘„ f 2 «££ 

often a row oi three or four much smaller pits. T n . - 

“dentaries” the posterior borders would apparently meet across tha^MAi 

lta. h . ...» cun.,; i„ titete iTter. 
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symphysis, sometimes considerably more so than in fig. 15, C, p. 180, and 
together they must have produced a small backward process at the middle 
line (fig. 16, B, p. 181), a difference that would be reflected in the shape of 
the gular plates which adjoined the “ dentaries ” behind. 

Fig. 13. 








E F 

CWatodua { Seocrratod us) for*teri, The bones and tooth-plates of the lower jaw. A, dorsal, 
B, ventral, C, lateral, 1), mesial aspects: E, 14 spleuial," from the outer side; 
F, angular, from the mesial side. (Reference letters as in iig. 12.) 

The Gular Plates . 

The absence of gular plates has been given as one of the diagnostic points 
separating the Otenodoutidte from the Dipteridse. The similarity of the 
hinder border of the “ denturies M in Sagenodus and Thpterm led us, however, 
to look for something in Sagenodus to correspond with the gtilars which arc 
applied to this border in IHpterus , and this we helieve we have found in the 
bone represented in fig. .16, A, p. 181. There are three examples of this 
hone in the Atthey Collection. One of them occurs on a slab of shale 
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among the scattered but practically complete remains of a head of Sagenodus ; 
the other two are detached. It is a bone of graceful form, delicately striated 
on one face in lines converging towards a small tubercle near the blunt end. 
The other face is smooth. Fig. 16, B, p. 181, shows the size of the hone in 
relation to the lower jaw and the manner in which we suggest that it fitted 



Sagmodus sp. Right angular and deni arv ” in natural association, X 1J. 

in the gular space. Compared with the extensive gtilnr apparatus of 
Dipterus , described later, it is meagre, but it is much what might be looked 
for in a fish which in so many respects is a transitional form between the 
early Dipnoi and Ceraloclus . 


Fro. R3. 



Sagenodus . A, 11, C, outer surface of three “ dentarie*,” x about % ; I), inner 
surface of a left “ dentary /' oblique view showing the character 
of the syniphysiB and of the hinder border. 

The Opercular Bones . 

Next to the teeth, the operculum is probably the best-known of the remains 
of Sagewdm. In proportion to the head as a whole, it is remarkable for 
its size and massiveness. Its manner of attachment to the skull has been 
described already (p. 169). In common with the other hones, it varies greatly 
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in outline, but the form shown in fig. 20, p. 186, is a good average. The 
variation consists for the most part in the greater or less development of the 
hinder lobe of the bone. There is every gradation, independently of size, 
from a form in which the body of the bone is fairly symmetrically disposed 
under the centre of the hinge-line, to an extreme but quite common pattern 
in which the hinder border is so prominent that the centre of the bone lies 
below the posterior knob, behind the binge-line altogether. In this latter 
pattern of operculum the posterior knob is always greatly developed and 
the anterior one almost obsolete. Opercula of ihN type have been figured 
by Miall (1X81, fig. 7, where they are shown upside down )i and by Willirdon 
(1899, pis. 3, r ) & 30) in bi< description of tf. ro/wanus. 

A small bone, •hitherto undescribed, which we take to be the Suh- 
operculuiHj occurs in several of the crushed heads of Saoenodns which we 


Fin. 16 . 



Sar/? nodus. \, left I" pulur, inner surface : 11, diagram, showing the 
probable position of the gulnv*. 


have examined ; it is shown, for example, on the slab, part of which is 
represented in tig. 18, p. 183, and in the head in the Manchester Museum 
(L. 10904) described and figured by Watson and Day (1916). It is a 
bone of an inch to an inch-and-a-half in length in an average skull, and is 
recognizable by its triangular point (see fig. 18, A, p. 183). Completely 
preserved examples, such as those represented in fig. 7, p. 172, show that 
half the bone was fairly thick and strengthened by a rounded ridge, while 
the other half consisted of a thin flange which might easily be lost. Its 
disappearance would give the rest of the bone a much more pointed shape, 
such as is seen in fig. 18, p. 183. The sub-operculum of Ceratodus (inter- 
operculum, Huxley), to judge by a dried skull, would much resemble this 
houe if its cartilaginous fringes were ossified. No specimen that we have 
seen shows this bone in its natural position, but on two out of the three slabs 
on which we have found it, it lies close to the squamosal, which mav indicate 
that it was applied to the front rather than to the hind border of the 
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Fie. 17. 



Sagenodus. Bones of the shoulder-girdle. A, right post-temporal, outer surface; B, (he 
same, inner surface ; C, right clei thrum, outer surface ; I), the same, inner surface ; 
E, right clavicle, upper (chiefly internal) surface; F, the same, lower surface; 
6, right clavicle, imperfect, to show the cracks which result from the flattening of 
the bone. In E and F the bones are represented as flattened, but without the 
cracks. X jj. 

{The elements of the shoulder-girdle are seen in natural Association in fig, 10, p. 186,) 
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Sagmodus. Anterior portion of a specimen in tbe Atthev Collection, x about A, dorsal 
B t ventral surface. clw.L, left clavicle; dnwr., right clavicle; det.r., right clei thrum 
r.or M drcumorbital ; op.L, left operculum ; op.r. y right operculum ; par.*p., paraspheuoid ; 
jit, pterygoid; phtcm., post-temporals ; 8. op. sub-operculum; tab.L, left tabular horn 
covered by a scale. 
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operculum. In the restoration (fig. 20, p. 186) we have assumed that the 
edge of the operculum overlapped the thin flange of the sub-operculum. 

A bone labelled “ subopercular ? " was figured by Williston (1899, pi. 36, 
fig. 3). Though it is not much like our bone in shape, it may possibly be 
another form of it. 

The Shoulder- Girdle. 

The first bone of the shoulder-girdle to be recognized was the clavicle, 
which was correctly described by Hancock and Atthey (1872). Since then 
the only investigator who has contributed usefully to what is known of this 
part of the skeleton is Miall, who not only published figures (rough and 
impeded it is true) oE the clavicle (1881, fig. 11, 64 coracoid ”). but also 
figured the oleithrum (fig. 10, “scapula’’), till then unknown, and made 
(pp. 296-7) some suggestions, now in the main confirmed, as to the way 
in which these bones were arranged in the girdle. Miall added another 
bone (fig. 9) as the “ supra-scapulu/' but we can find nothing like it, and 
it certainly forms no part of the shoulder-girdle of Sat/modue. Fritsch 
discussed the shoulder-girdle at length, but the upshot, in the restoration 
which he gave in text-figures 158 and 160, p. 81, was anything but a happy 
application of bis perfectly sound principle that (' eratodus was the best 
guide to the structure of “ i'tenodus” 

In the case of the shoulder-girdle, again, the figures here given (figs. 17, 
p. 182, and 19, p. 185) may largely take the place of a detailed description ; 
and here again, as with the lower jaw, there is such a strong similarity to 
the corresponding parts in Ceratodus that the comparative outlines given 
in fig. 19 are practically self-explanatory. 

The history of the discovery of the clavicle and oleithrum has l>een 
indicated above. The third bone, the post-temporal, lias also long been 
known. It was fully discussed bv both Miall and Fritsch, and on the 
strength of a certain resemblance to the combined squamosal and quadrate 
of Ceratodus they both figured it as the squamosal (Miall. fig. 6 ; Fritsch, 
text-fig. 153, p. 75). The clue to its real nature, as well as to the arrange- 
ment of the shoulder-girdle in general, was given by a fine specimen in the 
Atthey Collection, the pertinent portion of which is represented in fig. 18, 
p. 183. On its upper surface this specimen is chiefly noteworthy as being 
the only example we have met with which shows the operculum in its natural 
relation with the skull. It also shows the upper end of tho right cleithrum 
from its outer aspect. On the under surface, as it was ieft by Atthey, the 
most prominent objects were the two clavicles, lying in nearly their natural 
position ; the removal of masses of overlying scales has disclosed other 
structures which appear in our figure (fig. 18, B, p. 183). The right 
cleithrum and clavicle are in natural articulation. Underlying the left 
clavicle are the two post-temporals, the left one showing its strong anterior 
process projecting beyond the clavicle in front. Underlying the post- 
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temporals, again, is the parasphenoid, the backward prolongation of which 
is seen emerging from beneath them. The only other specimen we have 
seen showing the connection of elei thrum and clavicle is a detached example 
oE these two bones in the Itoyal Scottish Museum. 

A few remarks are called for on points of detail. As with other hones of 
tho skeleton, those of the shoulder-girdle are variable, the cleithrum especially 
so. The inner face of the cleithrum is flattened ; the outer is convexly 
thickened towards the upper end, and is strengthened by ribs of hone running 


Fig. 19 . 



Sagenodus and Ceratodus. Comparison of shoulder-girdles?. 

A, B. Right aide of shoulder-girdle of Sage nod us. 

C» D. tf „ „ Ceratodus , with the bones supposed 

flattened as are the fossil bones of Sagenodus. 

E, F. Right side of shoulder-girdle of Ceratodus , with the bones in natural shape. 
(Outer views on left, inner on right.) 

upwards £rom tho junction with the clavicle. Crushing has often resulted in 
those ribs being more or less plainly printed through on to the inner face. 
The cleithrum ends below in a transverse edge which is received into the 
head o£ the clavicle, and its hinder bonier is produced into a flattened and 
pointed process which fits into a slot in the back of the clavicle. The 
expanded upper end of the clavicle, with its deep pit for the attachment of 
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muscle, forms the “ hatchet-shape ” which Hancock and Atthey attributed 
to this bone. 

Apart from the much greater strength of the bones in Sagenodu the 
points of difference between its shoul dor-girdle and that of Ceratodus are 
insignificant (fig. 19, p. 185). The strong forward process of the post- 
temporal in Sagenodus is plainly associated with the presence of a tabular 
horn, to which it was doubtless attached by its truncated point. In 
Ceratodus the post-temporal is merely attached to cartilage. The process of 
the cleithrum which serves to stiffen the union with the clavicle is repre- 
sented in Ceratodus by a pyramidal point (fig. 19, />-), which if the bones 
were flattened would lie in the middle of the internal face instead of on the 
hinder border. In Ceratodus the muscle-pit in the head of the clavicle is 
divided by ridges into two or three pockets, but # some of the clavicles of 
Sagenodus show an approach to the same condition. Finally, there can 
be no doubt that the blade of the clavicle was twisted as it in Ceratodus , 
so that what appear in the flattened bones (fig. 19, A, 11, p. 185) as its upper 

Fig. !> 0 . 


Sagenodus . Restoration of skull and shoulder-girdle, in side view, x c.or. f two of the 
circumorbitals; vomerine “ tooth.” Each boue is founded on specimens in the 
Atthey Collection, but the association of the circumorbitals is conjectural. 

and lower edges were in life the inner and outer edges respectively ; while 
the surface represented in fig. 17, E, p. 182, and fig. 19, A, p. 185, is really 
the upper and internal surface, and that represented in fig. 17, F, and 
fig. 19, B, the lower and external. This will be understood from a comparison 
between the outline drawings in fig. 19, where the middle figures, C and D, 
show the shoulder-girdle of Ceratodus as it would appear if it were flattened 
out, like the bone* of Sagenodus , by fossilization in shale. The actual 
specimens of the clavicle of Sagenodus show abundant evidence of buying 
been strongly curved, for the flattening has produced a system of gaping 
cracks on the smooth inner face of the bones (fig. 17, 0, p. 182), One 
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remarkable specimen occurring on a slab of shale in the Atthey Collection 
has, indeed, retained its original shape, though surrounded by other bones of 
Sagenodus which have all suffered the usual flattening. It should be added 
that the faces of the clavicle identified above as upper-and-intcrnal and as 
lower-and-external have, as the figures show, all the character of internal 
and external faces respectively. Miall described and figured an articular 
area on the broad lower end of the clavicle, and be suggested that the 
two chmeles met each other at an acute angle in this articulation. Well- 
preserved examples, however, show no such articular area, nor would 
they fit together at all exactly by their ends. In all probability they 
were connected, as in Crratodus , by an intcrclavicular cartilage. 

We have nothing to add to what has already been published regarding the 
structure of the body, fins, and scales. There is every reason to suppose 
that these parts of Sagenodus are closely reproduced in the existing 
Ceralodu 

The Species of Sagenodus. * 

A glance at the portions of cranial roofs shown in outline in fig. 2, p. 165, 
will suggest that they represent more than one species of Sagenodus. At 
least one further species is certainly represented .by the zoned and polished 
skull-bones found so abundantly in the Bohemian Gaskohle and in some 
numbers also at Nowsham (cf. fig. 4. 1), p. 168). But there is rarely anything 
distinctive about the teeth in the cases where it is possible to assign them 
with certainty to any particular pattern of skull, and there is little ground 
for attaching the slightest value to most of the specific names founded so 
freely on the teeth. Most parts of the skeleton, and especially perhaps the 
parasphetioids, the separate elements of the lower jaw, and the opercula, 
show varieties of pattern as important as those of the cranial roof and the 
teeth ; and until the different patterns of all these parts have been studied 
and correlated there will be little use in applying specific names to Sagenodus 
at all. Such a study would be extremely difficult on account of the frag- 
mentary nature of the evidence, ami it might very possibly result in the 
conclusion that Sag* nodus was, in its sphere of life, a dominant form in such 
a fluid evolutionary stage that it would be for the most part impossible to 
apply to it the ordinary conceptions of a species. 

FrUecKs figures of the Cranial Bonos of Sagenodus. 

Fritsch’s figures are beautifully drawn, and form a valuable atlaft of the detached bones of 
Sagenodus, but tbe fact that so many of them are unidentified detracts from their usefulness. 
Some of these unidentified bones are named in the following list : — 

Plate 71 ( Fauna der Gaskohle, vol. ii. part 2, 1899) : fig. 10, right intertemporal ; fig. 1 1, 
right nasal. 

Plate 72, fig. 10, left “ tabular/ 1 

Plate 74 includes a good selection of different forms of “ parietals ” ; fig. o, an extreme 
example of tbe rectangular type. 
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Plate 75, figs. 1-11, marginal ossicles, but including some ordinary roof-bones of small 
fisbes, e. g. fig. 5, squamosal; 3, intertemporal : fig. 14, left intertemporal; 1 2, 19, 
circumorbitals ; 20, 1. “ tabular* 1 ; 22, r. intertemporal; 24, 1. squamosal; 25, 1. 
frontal; 27, r. 4< tabular”; 28, r, squamosal, underside; 29, 1. frontal, underside; 
$2, 1. u tabular,” underside, with one of its lateral bones ; 33, nasal, underside ; 
34, fragment of squamosal ; 37, marginal ossicles; 39, r. nasal. 

Plate 77, fig. 17, “ tabular.” 

Plate 78, fig. 6, post-temporal. 

Ctenodus, Agassi/. 

The genera Ctenodus and Sage nodus were separated primarily on the 
characters of the tooth-plates, though when Owen first published the name 
Sagenodus he was under a misapprehension as to the nature of the tooth- 
section on which he founded it. Since 1 the publication of Dr. Smith 
Woodward’s “Catalogue of Fossil Fishes (vol. ii., 1891), the name Ctenodus 
has been generally applied to tooth-plates with about 12 or more ridges, 
roughly parallel, as contrasted with the others ( Sagenodus ) having fewer, 
usually 6 or 7, ridges, with a strongly-marked radial arrangement. If this 
were the only distinction between the two genera it would be difficult to 
maintain, since tooth-plates of intermediate character occur in the Lower 
Carboniferous of Edinburgh. There are, however, many other distinctive 
characters independent of the difference in the teeth ; and in spite of a 
general resemblance which shows the two genera to be nearly related, the 
additions which we are able to make to what was known of each of them 
tend still further to justify their separation. 

Sagenodus having been dealt with already, Ctenodus can be sufficiently 
described, with the aid of figures, on brief and comparative lines. 

In most or all of the beds and horizons from which we have had material 
for examination, remains of Ctenodus are much less abundant than those of 
Sagenodus , and there is consequently more difficulty in ascertaining its 
skeletal structure writh completeness. In particular there is in the collections, 
up to the present, an almost entire absence of specimens such as were of the 
greatest help in the case of Sagenodus , namely slabs bearing the scattered 
remains of some considerable part of an individual fish. We have never yet, 
for example, seen any considerable part of the shoulder-girdle of Ctenodus 
in association with other portions of its skeleton, and the bones which we 
take to be those of its shoulder-girdle are assigned to it without absolute 
proof, though on strong grounds of probability. 

The fishes of the genus Ctenodus were of decidedly larger average size 
than those comprised in Sagenodus . Nine or ten inches is a usual length for 
skulls of Ctenodus , as compared with five or six inches for skulls of 
Sagenodus* 
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7 he Roof of the Skull . 

The skull of Ctenodus was ossified to the same extent as that of Sayeuodus , 
and similarly shows no trace of ossification of the neural chondrocranium. 
A comparison of fig. 1, p. 104. and fig. 21, holow, will show that the skull- 
roofs of the two genera differ considerably — more, in fact, than any other 

Fig. 21. 



* tabular *’ (=s= tabular + supratemporal). X about. J. 
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part of the skeleton, — but tliat the general plan is the same. In the posterior 
region the correspondence is very close. The main points of difference may be 
broadly stated thus : in Ctenodus the two median bones (par. and t/r.) are 
much smaller and the bones of the nasal region much larger, n bile there are 
two pairs of bones in the frontal region instead of only one. As far as its 
skull-roof is concerned, Ctenodus , being nearer to the Devonian lHpterus , is 
presumably the more primitive ; and we may usefully think of the skull-roof 
of Sagenodvs as being derived from that of Ctenodus by a great reduction of 
the snout region together with an increase in size and eventual meeting of 
the two median bones, both processes together resulting in the compression, 
and finally in the fusion, of the frontal and post-frontal on each side. 

As long ago as 1872 Hancock and Atthey correctly pointed out, ns one of 
the main features distinguishing the skull of Ctenodus proper from that of 
Sagenodus (“ Ctenodus oUiquus ”), that the two median bones of the roof are 
separated and that the hinder one consequently has a pointed instead of a 
concave anterior margin. Dr. Smith Woodward (1891, p. 250) refers to the 
same distinction when he states that there are “ two median occipital plates ” 
in Sagenodus and only one in Ctenodus. He also gives (pp. 252 -3) the only 
extended description hitherto published of the skull-roof in Ctenodus, but 
the specimen on which he founded it (B.M., P. 5031), figured in pi. 4. vol. ii., 
of his catalogue, is not well preserved ; it shows for the most part impres- 
sions of the under surface of the bones, and their outlines are too indistinct 
for acourate representation. The same specimen was roughly figured by 
Fritsch (1889, text-fig. 156), but as he failed even to identify the middle line, 
his observations on it (p. 98) were not helpful. 

Another specimen (now in the British Museum, P. 7300) was also roughly 
fignred by Fritsch in his text-figure 155, and is represented in outline in 
our fig. 23, A, p. 192. It is chiefly remarkable as showing a considerable 
ossification in advance of the nasals, in the form of a radially- ribbed fan. 
Fragments of a similar fan in the Atthey Collection are shown in fig. 22, 
p. 191. Except at their outer edge, the bone composing them is as thick 
as that of any other part of the cranial roof. 

The presence of an internasal is a further point of distinction from 
Sagenodus. The form of internusal shown in fig, 21, p. 189, of which two 
specimens are known, is possibly characteristic of Ctenodus tristatus. ' The 
form figured in B, fig. 23, p. 192, may similarly be characteristic of 
“ C. interrupts ." 

The bones of the root proper in Ctenodus seem to be about as variable in 
shape as in Sagenodus. The specimens we have examined show tbit the 
most variable elements are the interfrontal, internasal, and post-frontal 
(compare fig. 21, p. 189, with the ontliffes in fig. 23, p. 192). From the 
condition of the available specimeps it wonld appear that the elements of the 
cranial roof of Ctenodus were more firmly united than those of Sagenodus, 
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for they very rarely occur as isolated bones, whereas isolated roof-bones of 
Sagenodus are abundant. 

The circumorbitals of Ctenodus are shown only in one specimen among 
oar material, and this is represented in outline in fig. 23, B, p. 192. In 
number and in general arrangement they appear to differ little from the 
circumorbitals of Sagenodus , except that a small bone, partially embraced by 
the squamosal and post-frontal, occurs between them and the bones which 
actually enter into the orbit. This, however, may lie an arrangement 
peculiar to ** Ctenodus interruptus.” 

In addition to the circumorbitals there are, as in Sagenodus, some bones 
filling in the space to the outer side of the nasals. They are not completely 
shown in any specimen that we have seen, but they obviously vary a good 
deal in shape (mar., fig. 21, p. 189, and fig. 23, p. 192). The single one shown 
in fig. 21 is represented as an impression of the underside, which is all that 
had been seen of it when the figure was drawn. 


Fio. 22. 



Fragments of the prenasal fan of Ctenodus , X if. 


The Palate. 

A comparison of fig. 10, p. 176, and fig. 26, p. 195, will show the close 
resemblance between the bones of the palate in Ctenodus and Sagenodus. 
The tooth-plate of Ctenodus is larger (fig. 8 , p. 173), the pterygoid behind it 
is of rather more slender form, and the parasphenoid (fig. 25, p. 194) has 
a more prominent median ridge on the buccal face of the lozenge. The 
shaft of the parasphenoid is more abruptly expanded, and shows a pair of 
pits close behind the apex of the lozenge. On the cranial surface the ridges 
and grooves of the shaft are much more numerous than in Sagenodus (c /1 
fig. 9 } 0, p. 174), and are continued forward to the centre of the lozenge, 
where they nearly meet the corresponding ridges from the anterior process. 

In the larger parasphenoidg, some of which are nearly a foot in length, 
the median ridge of the lozenge is swollen and club-shaped (fig. 26, p. 195), 
and it seems to be usual for the right-band pit of the pair behind it to com- 
municate directly with the central groove of the shaft, as shown in fig. 25, 0, 
p, 194 . The appearance is sdggestive of the crossing of a pair of longitudinal 
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muscles. The species “ Ctenodus interrupts” from the Lower Carboniferous, 
though proved by its cranial roof (fig. 23, B, p. 192) to be a true Ctenodus , 
has a palate and tooth-plates which in all respects much more nearly resemble 
those of a Sagenodus (see fig. 24, p. 193). 

The Quadrate . 

The bone which we take to be the quadrate of Ctenodus is represented in 
fig. 11, A and B, p. 177. There are two or three examples of it in the 
Atthey Collection, and one of them was labelled by Atthey himself 44 Ctenodus , 
os quadratum.” Fig. 11, p. 177, shows sufficiently how it differs from the 
quadrate of Sagenodus , the most striking difference being the much smaller 
development of the longitudinal ridge on the inner side. 


Fig. 23. 




A. Cranial roof of a specimen of C, cristutus from Longton, Staffs. B.Sl.N.If. 7800. 

B. Cranial roof of " Ctenodus interrupts, Batk&s,” Dunnet shale, Straiton, Midlothian. 

1895/156/12, R.S.M. Of importance an being the most perfect cranial roof of this 
species existing, and showing more connected circutnorbitals than any other specimen 
of Ctenodus known. The detached circumorbitals are preserved on the counter slab, 
and really partially underlie those which are attached to the roof. A palatal tooth, 
omitted from the figure for the sake of clearness, establishes the specific identity of 
the specimen, x i* 

The Lower Jaw . 

Remains of the lower jaw of Ctenodus are scarce, but specimens from 
Newsham in the Atthey Collection and in the British Museum make it 
possible to reconstruct the jaw as has been done in fig. 27, p. 196. In 
general plan, and to a large extent in detail as well, it agrees with the jaws 
of Sagenodus (fig. 12, p. 178) and Ceratodus (fig. 13, p. 179). The chief 
difference is in the greater breadth of the tooth-plates and, correlated with 
it, the greater width of the 44 dentaries” Instead of coming almost or quite 
to a point in front, as do the 4k dentaries ” of Sagenodus , those oE Ctenodus 
have a wide anterior edge and carry the front ends of the angulars some 
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distance outwards from the middle line. Another result of the greater 
breadth of the tooth-plate is that it is supported posteriorly, not, as in 
Sagenodus , by a bracket on the inner face of the upper border of the angular, 
but by a pocket in the same position on the outer face (see fig. 27, E, p. 196). 
The “splenial” is a much weaker bone than in either Sagenodus or t eratodus ; 
its symphysial end is fairly strong and some part of it is commonly to be 
seen projecting in front of the mandibular teeth, but behind the symphysis 
it is so thin that it has usually been folded or crumpled beneath the tooth- 
plate in fossilization. 

The posterior edge of the “ dentaries*’ is thickened and polished precisely 
as in Sagenodus , and no doubt there were gular plates fitting against it, but 
so far we have not found any bones that we could identify as gulurs of 
Ctenodus . 


Fir*. 24. 



u Ctenttdus interrupts, Barkas.” 

Pterygoid with teeth and parasphenoid, oral aspect, X J. 

Oil shale of Broxburn, Midlothian (1902-73, R.S.M.). 

The left pterygoid is entirely, the right very nearly in natural 
articulation with the parasphenoid. 

The Operculum seems to have been exactly like that of Sagenodus. 
Several specimens in the Atthey Collection are too large for any known 
skull of Sagenodus , and these at least presumably belong to Ctenodus ; but, 
apart from maximum size, we can point to no definite character by which 
opercula of the two genera may be distinguished. A sub-operculum was 
doubtless present, but we have not yet succeeded in identifying it. 

The Shoulder-Girdle. „ 

As already stated, we have never yet seen well-preserved bones of 
the shoulder-girdle associated with undoubted remains of Ctenodus . 

13* 
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Nevertheless we have little hesitation in regarding the bones shown in 
fig. 98, p. 197, as the cleithrnm and clavicle. Both are well represented in 
the Atthey Collection ; from 'comparison with the corresponding bones of 
Sagenodus (fig. 17, p. 182), there can be no doubt that they are the cleithrnm 
and clavicle of a Dipnoan ; and both reach too large a size to belong to any 
known form of Sagenodus. The cleithrum (fig. 28, A, p. 197) is fonnd up 
to 7 inches (33 cm.) in length, the clavicle to at least 6 inches (30 cm.). 
The cleithrnm differs from that of Scujenodut chiefly in having its hinder 
half (the upper part in A, fig. 28, p. 197) greatly thickened instead of 


Fio. 25. 



A C B 

Ctenodus cristatus. Parnephenoid. 

A. Buccal aspect. B. Cranial aspect. 

C. Junction of disc and shaft in large examples. 

being strengthened by longitudinal ribs. Moreover, on its outer side this 
thickened portion has the character of a superficial bone, as though it had 
come to the surface under the skin behind the operculum as in IHpterus, 
instead of being buried in muscle as in Ceratodus, and as it presumably was 
in Sagenodus too. 

The clavicle (fig. 28, B, 0, p. 197), though it has the same essential 
structure as that of Sagenodus, differs from it in having a longer articular 
head and a narrower and stouter shaft. We have found no sped mens with 
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perfectly preserved heads, and oar figure is therefore less complete in that 
part than the corresponding figures for Sagenodus (fig. 17, p. 1 82). Miall 
had apparently seen examples, though still more imperfect ones, of the same 
bone (1880, fig. 12), and he evidently suspected that it belonged to the 
shoulder-girdle of Ctenodus proper, for he labels it “ Ctenodvs cristalus or 
tuhereulatus ? Coracoid." 

We have found one or two bones which may prove to be post-temporals 
of < Jtenodus , but have not been able yet to identify them with any approach 
to certainty. 


Fie. 26. 



Ctenodua crutatus. Pterygoids with their teeth, in natural articulation 
with the parasphenoid. Quadrate rami shown flattened into the same 
plane as the parasphenoid. x i- 


2 ha Species of Ctenodus. 

Dr. Smith Woodward was probably well advised in reducing the specific 
names tuhereulatus, ovatua , etc., to the position of synonyms of C. eristatua. 
The tooth-plates of Ctenodua, on which all the specific names have been 
founded, are if anything more variable even than those of Sagenodus. They 
are, in fact, likely to be so, since they represent a departure from the standard 
Dipnoan type of dentition as established in Dipterus and carried on in 
Sagenodus and Ceratodua. A perfectly distinct species, however, is the 
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extremely interesting earJy form which we, following Traquair’s usage, have 
referred to as “ Ctenodus interrupts, Barkas.” (If Dr. Smith Woodward's 
diagnosis of this species, 4 Catalogue of Fossil Fishes/ part ii. p. 254, 
accurately represents Barkas's intention in founding the species, the name 
cannot properly be applied to the specimens in the Royal Scottish Museum 
which Traquair referred to it.) The &a<^nodus-like teeth of this fish (fig. 24, 
p. 193) are in the strongest contrast with thoso of the latest known species, 
C. murchisoni , Ward, from the Upper Coal Measures, which have about 
twenty practically parallel ridges. 

Fig. 27. 




Ctenodus. Lower jaw, x 

A. Reconstruction of lower jaw, from buccal aspect 

B. Ventral aspect of the same. 

C. Left ramus, outer aspect. 

R „ inner aspect. 

E. An angular and dentary in natural articulation. Prom two specimen* 

in the Atthey Collection and the British Museum respectively, 

F. The same, inner surface. From the Atthey specimen. 

(Compare figs. 11 and 12, pp. 178, 179.) 

Fritsch’s Ctenodut tardus from the 
Bohemia, represented . in his Taf. 80 b, i 
drawing o£ the bones of the skull-roof 
neither a Ctenodus nor a Sagenodus. 


Brandschiefer (Lower Permian) of 
s apparently a Dipnoan ; but if his 
is at all accurate, it was certainly 


STRUCTURE OF CERTAIN PALAOZOIC DIPNOI. 


197 


Ctenodus, Sagenodus, and Ceratodus. 

The close correspondence which has been traced in the structure of these 
three genera, notably as regards the palate, the lower jaw and the shoulder- 
girdle, leaves no doubt as to their near affinity. The structure of the skull- 
roof, if followed through the same three fishes, shows less constancy ; on the 


Fig. 28. 




Ctenodm ? A. Cleithrum, B, C. Clavicle, upper and lower surfaces. 

Both bones are represented by numerous specimens in the Atthey Collection. 

other band, it shows an interesting progressive change, starting from the 
pattern first established in Diptems platycephalus* The change consists in 
the expansion, at the expense of the surrounding bones, of the median 
u parietal 99 and interfrontal, together with the reduction of the bones of the 
snout region (nasals and prenasals). From Dipterus to Ctenodns' the change, 
though obviouS| is not great. From Ctenodns to Sagenodus it is in both 
respects very marked ; in Ceratodus it has been carried to an extreme, for 



Fig. 29 A. 


Dsn. 



Fig. 29 B. 


Conchopotna gadiformis , Kner. Drawn from gelatine ca^h from the two halves of a 
specimen in the Royal Scottish Museum, x 1. 

A, Dorsal surface of head. Ang., angular ; C.H y m ceratoliyal ; Pkn., dentaiy ; Fb. + I.T., 
frontal -f intertemporal ; I, In., interfrontal; L. Clf.i., left cleithrum; Na., nasal; 
Op., operculum; Fab., parietal + dermo-supraoccipitsl; Par. Bp., para»|»tnoid ; 
Pb.Fb., prefrontal; Pt., pterygoid; R.Glkl, right cleithrum; R.P.ABT., right 
pre-articular ; S.Op., sub-operculum; Sq., “squamosal'’; Tab., tabular + supra- 
temporal. 

J3. Ventral surface of head. Reference letters as before, with L.Pt., left pteiygoid ; 
L.Op., left operculum; R.Gi.av., right clavicle; R.Op., right operculum; BPr., 
right pterygoid. The mass of bone between Pak.Sp. and L.Clki. is the exocdpitaL 




STRUCTURE OF CERTAIN PALEOZOIC DIPNOI. 


199 


the bones of the snoot region have almost or quite disappeared, and the 
44 parietal 99 and interfrontal cover the whole median tract of the top of the 
head. 

The compression of the lateral bones of the skull-roof brought about by 
this expansion of two of the median bones appears to have resulted in corre- 
sponding degrees of disappearance or fusion. Thus in Sauenodm there is 
•only one pair of bones in the frontal region as compared with two in 
Ctenodus and three or more in IMpterus platycephalm . Ceratodus is extreme 
in this respect as in the others : all the bones of the frontal, temporal, and 
tabular regions on each side seem to be represented as a rule by a single 
ossification. 

Conchopoma, another Dipnoan appearing late in order of time and de- 
scribed below, furnishes an interesting parallel to Ceratodus. Though none 
of the processes have gone as far us in Ceratodus forsteri , yet the two median 
bones are greatly expanded, the bones of the snout much reduced, and 
those of the lateral part of the roof extensively fused. 

Several of the minor characters of the bones of tbe head in Ceratodus 
ns compared with those of Sayenodus are plainly correlated with one another. 
The side-to-sidc arching of the skull-roof, bringing the squamosal region 
far down on the side of the head, is connected with the reduction in size of 
the operculum, and also with the shortening of the quadrate. 


Conchopoma gadiformis, Kner. 

The rare fish from the Lebach Shales (uppermost Carboniferous) of 
Saarbruck, called Conchopoma aadifomis by Kner, has never been at all 
adequately descrilied. There is in Edinburgh a very large individual, pre- 
served in an ironstone nodule, which makes the structure very nearly com- 
pletely known. It was prepared by softening the already rotted bones with 
dilute acid and removing the residue by brushing. Casts from the moulds so 
left show all surface details extremely well. 

The general morphology will be obvious from fig. 29, p. 198. The 
fikull has the usual Dipnoan structure of an extensive cartilaginous neural 
cranium, which seems to have been considerably ossified in the exoccipital 
region. The head is roofed by a continuous shield of membrane bones, 
which, although now flat, seems from its cracked condition to have been 
originally considerably curved. This shield consists posteriorly of a row of 
three bones, of which the median 44 parietal v is longer than the lateral 
tabular. The 44 parietal ” has a low median ridge on its visceral surface : the 
** tabulars 99 are concave ventrally and now no signs of attachments. 

The 44 parietal w articulates with a median interfrontal, and these two bones 
have long lateral attachments to the very large bones which include the 



200 


PROF. D. M. S. WATSON AND MR. E. L. GILL ON THE 


frontals ; these bones articulate with the €t tabular ” behind, and seem just 
to reach the free anterior edge of the shield. 

The lateral edge of the “ tabular ” and “ frontal 39 is attached to a series of 
bones, the posterior two ? of which are narrow and form that margin of the 
skull to which the operculum is attached; they are imperfectly shown from 
the dorsal surface on the right, aud are absent on the left side. Immedi- 
ately in advance of these is a very large element forming an outstanding 
wing behind the orbit. This extends forward and just touches a much 
smaller bone, which forms the anterior and upper quadrant of the orbital 
margin. 

The dorsal shield is completed by a pair of hones which articulate with the 
front margins of the frontals and interfrontal. 

There are no traces of other circumorbitals or of premaxillae. 

The palate presents an interesting modification of the Dipnoan type. The 
parasphenoid lias a long, slender dorsally channelled stem, which expands 
into a broad, shovel-shaped, flat bony plate extending forward as far as the 
symphysis of the lower jaw. This region of the parasphenoid is covered with 
teeth, small and very closely packed anteriorly, somewhat larger and more 
scattered posteriorly. These teeth are quite irregular in arrangement, but 
little groups of two or three of them are often supported on a common raised 
base ; anteriorly where the teetli become inconspicuous the bases may persist 
as short curved ridges. 

The pterygoid on the left side seems to retain its natural position, standing 
up nearly at right-angles to the palate. 

The bone is very narrow anteriorly, forming a border to the great para- 
sphenoid and having irregularly arranged small teeth. Posteriorly the hone 
becomes converted into a deep thin flange, which was formerly applied to 
the quadrate and stands nearly at right-angles to the palate. 

The operculum has long been known as a concavo-convex hone witli an 
umbo at its antero-dorsal corner. This specimen shows a small bone on the 
right side which seems to he a sub-operculum, because of its resemblance to 
that bone in IHpterus and Sagenodus . 

The structure of the lower jaw is not satisfactorily shown. There is a 
powerful symphysis formed by bones of the outer surface homologous with 
the “ deutarics 39 of Sagenodvs , but possibly including true dentaries in 
addition. 

There is a large angular of whose structure nothing can be said. Although 
this lower jaw lies in its natural position and the mouth is closed, no trace of 
the bones usually called splenial can be seen in it. There is, however, a 
strange tooth-bearing bone with a concave visceral surface lying displaced in 
contact with the right ramus, which apparently can only be this element. It 
differs from the corresponding bone in all other Dipnoi in lacking a posterior 
flange passing back to the articular aud an anterior symphysis. The two 



STRUCTURE OF CERTAIN PALEOZOIC DIPNOI. 


201 


ceratohyals are well shown ; they exactly resemble the corresponding bones 
in Ceratodus. 

The shoulder-girdle is remarkable for the very small relative size of the 
clavicle. 

The cleithrum is a large bone of much greater width than is shown in the 
figures, where part of it is hidden by matrix in each case. The upper end is 
comparatively narrow, and is seen to be covered by a very badly preserved 
bone, no doubt the supra-cleithrum. -The inner surface is concave, the outer 
flat with a turned-in anterior margin ; it has a depressed area for the 
hinder edge of the operculum. The lower end of the cleithrum turns 
forward and is largely covered by the sub-operculum, appearing behind that 
bone only as a narrow strip. 

The clavicle is displaced and shown only from its outer surface. It is 
extremely short, attached to the cleithrum by a deeply recessed triangular 
area on its outer surface, and widening both ways ventrallv. 

The neural arches are thoroughly ossified anteriorly, although there are no 
ossifications in the notochordal region. The anterior neural spines are 
separately ossified from their arches. The ribs are slender, well curved and 
with slightly thickened heads. 

The structure of the median fins is already familiar; there is a continuous 
fin agreeing exactly in structure and distribution with that of Ceratodus . 

The pectoral fins are shown by the Edinburgh specimen to be large, typical 
biserial a rclii pterygia, the axis being entirely unossified, whilst the radials of 
both series have short, hollow ossifications. There are very well-developed 
camptotriclua which do not extend in to overlap the ossified radials. 

The structure of the pelvic fins is not so clearly shown, but they obviously 
agree in general with the pectoral fins, and are nearly as large. 

The scales are not very well shown; they are thin, of considerable size, and 
marked with very delicate concentric rings of growth. It is impossible to 
say how far forward they extended. 

Conchopoma must have been extremely like Ceratodus in proportions and 
general build, although the head may have been slightly lower posteriorly. 

Uronemus splendkns (Iraq.). 

The genus Vronemus was founded by Agassiz for some small fish from 
the Burdiehouse Limestone, which have a continuous median fin and an 
apparently diphycercsj tail. To this genus I)r. Traquair referred some 
remains from the Lower Carboniferous, No. 2 Ironstone, Loanhead, Mid- 
lothian, which show many details of skull structure. Beyond stating that 
these specimens show a skull-roof like that of Ctenodus and prove that the 
pterygoids and “ splenials ” bear a single series of large, compressed, low, 
conical teeth in addition to a granulation of small denticles, there being no 
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dental plates of a normal Dipnoan structure, he gave no farther aocount of 
them, and never published any figures in illustration of his description. In 
1891 Dr. Smith Woodward gave a figure of an isolated “splenial,” since 
when no further details have been published. 

The types are in the Koyal Scottish Museum, and between them make the 
structure nearly completely known. 

Fig. 80 A. Fig. SOB. 



Uronemus splendent, Traq. Drawn from plasticene squeezes of a specimen in the 
Koyal Scottish Museum, x 1. 

A. Dorsal surface of head. Fa., frontal ; I.Fb., interfrontal ; i.Txu., intertemporal ; 

L.Ang., left angular ; L.I)kn., left dentary; LP.Aai , left pre-artieular; L.Pt., 
left pterygoid ; Mx. f, maxilla; N a., nasal; P.O., post-orbital; P.V., pre vomer; 
Pa. Fa., prefrontal ; P.Mx.t, premaxilla; Par,, parietal; K.Ang., right angular; 
K.Dxn., right dentary ; R.P.AET., right pre-articular ; It Pt,, right pterygoid. 

B. Ventral surface of head. Reference letters as before, with C.IIy., ceratohyal; Clbi., 

cleithnim ; Op., operculum ; Par.Sp., par&sphenoid. 

The best specimen is a nearly complete small fish, preserved mainly as an 
impression in slab and counter slab. 

T have prepared it by removing the scanty remains of bone from the 
impressions, and studied it iu plasticene squeezes, which reproduce all surface 
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details with great perfection. Other specimens show the cranial roof from 
the visceral surface. 

The cranial roof consists of a series of bones arranged very nearly as in 
Ctenodus , but the three nearly complete examples in Edinburgh differ in 
details. There is a posterior row of three bones, a median “parietal/* 
which supports a pair of frontal*, and lateral tabulars which are shorter than 
the “parietal” and are continued forward by intertemporals. 

The frontals are separated anteriorly by a small interfrontal, but support 
a pair of nasals in two specimens and only a single median nasal in the 
skeleton. Finally, in this specimen the skull-roof is completed by a small 
median prenasal with a notched anterior border. 

Fig. 81. 



Unmemm tplendens, Trnq. Roof of the skull, seen from the ventral surface, x 3 . 

Fr., frontal; I.F11., interfrontal; I .Tkm., intertemporal ; Xa., nasal; P.O., post-orbital ; 

Par., parietal ; Sq.^ 4< squamosal ” ; Tab., w tabular/’ 

The intertemporal and tabular articulate with a large squamosal, there 
being no evidence of the presence of the two small elements which in most 
Dipnoi appear on the margin of the shield bordering the tabular and 
squamosal. 

The intertemporal is continued forward by a large post-frontal, which 
itself supported another element, which although now lost in every specimen 
cannot have entered the orbital margin. 

Four circumorbital bones are preserved in the skeleton ; probably one more 
was originally present. The three specimens which show that region differ 
considerably in the details of these circumorbitals, which articulate with the 
squamosal and post-frontal. All the bones of the skull-roof bear a crisply- 
marked fine ornament of ridges and pits, which in general radiate from the* 
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centre of the bone. This ornament much resembles that of Stegocephalian 
skulls, and is unique amongst Dipnoi. 

The palate is beautifully shown in the skeleton. The paraspbenoid has a 
wide but incompletely preserved stem, which expands into an elongated but 
relatively very narrow lozenge, with the margin of which the pterygoids 
articulate. 

The pterygoids cover a very large area, meeting one another in a long 
symphysis in front of the parasphenoid and passing out to the lateral margins, 
which are quite straight and make an acute angle with one another. The 
hinder end of the pterygoid is widened, is attached to the parasphenoid by a 
very long suture, and produced into a rounded corner in the quadrate region. 

The dentition of each pterygoid consists of a marginal row of large, 
compressed, conical teeth and of a very largo number of small, almost 
hemispherical denticles covering a narrow area within the margin. These 
denticles are rather regularly arranged in a series of straight lines, running 
parallel to one another from caudal and lateral to cranial and mesial ; 
that is, they do not agree with the normal direction of teeth-rows seen in the 
pterygoids of 7 Hpterus and Sage nodus. 

The two prevomers of the skeleton are preserved ; each consists of a bone 
with a cylindrical notch on the dorsal surface, which supports a row of four 
denticles exactly similar to those of the “ splenial.’* 

There are in the skeleton three small bones, each bearing small, elongated 
teeth ; two of them lie in close association with a pre vomer : it is certain 
that they are not lower jaw elements, and the conclusion seems irresistible 
that they are prenmxillse and maxillae corresponding to those found by 
Watson and Day in PhaneropUuron, 

The two rami of the lower jaw are separable at the symphysis, and each 
•consists of at least three, almost certainly of four, bones. 

The angular is a large bone exactly like that of Ctenodus in shape and 
bearing a similar row of sensory pits. It articulates by a fine suture 
with a splenial (dentary of Ceratodus ), wdiich presumably extended to the 
symphysis. 

There is a rather large dentary, whose distinctness from the splenial 
cannot be proved, which hears an irregular strip of crowded small denticles. 
The proarticular (splenial of Ceratodus) extends from the articular region, 
toward and probably up to the symphysis ; it bears only a single series of 
teeth on its upper edge, which bite outside and are exactly similar to the 
marginal teeth of the pterygoid. 

The opercular apparatus seems to consist only of a large oval operculum, 
agreeing closely in shape with that of Sagenodus. 

There are a pair of badly-preserved ceratohyals, agredng closely with 
those of Ceratodus , 
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Dipterus valenciennesi, Sedg. & Murcb. 

Di[ terus valenciennesi is a small fish, found very abundantly in the western 
end of the mainland of Orkney and at Banniskirk, Aclmnarras, and other 
localities in Caithness, and, except at Edderton Burn, only very rarely in the 
nodules of the Moray Firth. 

It was distinguished from the more recent D. platycepludus by Pander on 
account of its smaller size, lack of shiny surface on the cranial bones and 
scales, and lack of well-ossified anterior ends of the skull and mandible. 
Dr. Traquair, presumably because large specimens which in these characters 
agree with I). jtlatyceplmlns do occur at Aclmnarras, Gamric, and Cromarty 
and in association with a small fish which lie regarded as 1 )• valenciennesi at 


Fia. 32. 



Dipkrus valenciennesi, Sedg. k Murcli. Right lateral aspect of a crushed head. X 2. 
From a specimen in D. M. S. Watson’s collection. 

Clay., clavicle; Clei., clei thrum ; L.O. 3-0, lateral gulars, nos. 3-6; Mu., mandible; 
Mx. r maxilla; Op., operculum; P.G., principal gular; P.Tkm., post-temporal; 
&Cl., supra-clei thrum ; S.Op., sub-operculum. 

the Gloup in Orkney, combined the two species. "Watson and Day pointed 
out a distinguishing feature in the fusion in 1 K platycephalus of the tabulars 
and interparietal with the bones immediately in front of them, which remain 
separate in 1). valenciennesi . 

Amongst the hundreds of specimens of 1). valenciennesi which we have 
seen, only three show the bones of the cranial roof clearly ; few show anything 
of the gular apparatus, and ouly one shows the lateral surface of the head 
clearly* 
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Ottr existing knowledge of tbe structure of the head still depends in the 
main on Pander’s excellent description and figures. The only addition is 
Dr. Traqnair’s well-known restoration. 

One specimen (fig. 32), now in D. M. S. Watson’s collection, shows the 
side of the head nearly perfectly. Its structure will be best understood 
from the figure ; the interesting features are the relatively small number 
(seven) of feircumorbitals, the presence of two small elements in tbe cheek, 
representing some part of the greatly-developed bones in this region in 
Osteolepids, and the presence of a very slender, toothless maxilla, lying below 
the orbit. 


Fig. 33. 



DipUrut valenciennest, Sedg. & March. Ventral surface of head, x 2. 

From a specimen in TJ. M. S. Watson’s collection. 

Amo., angular; Clav., clavicle; Clki., cleithrum; L.G. 1-3, lateral gitlara, nos. 1-3; 
M.G., dbdiau gular; Oi*., operculum; Po.Sp., post-splenial=preaugular; P.G., 
principal gular; S.Op., sub-operculum ; Sp,, splenial. 

There is an indication of an inner ring of oircumorbitals, already repre- 
sented in Dr. Traquair’s restoration. 

This specimen shows the operculum and a section across the subopereulum, 
that bone having been driven outward and its upper half thereby remo ved 
in the counter slab when crushed down on the rigid clavicular arch. The 
sub-operculum is followed by a large principal gular, which supports a large 
lateral gular. 

Id a triangular space between these two gulars and the articular region of 
the lower jaw lie three small hones, which can only be lateral gulara. Tha w 
little bones are also shown in identically the same form in the e p e oi fflen 
No. 770, Hugh Miller Collection, Royal Scottish Museum. 

The gular apparatus is, however, best seen in the ori ginal of fig. 33, 
a small specimen crushed directly vertically and viewed from- the ventral 



STRUCTURE OF CERTAIN PALEOZOIC DIPNOI. 


207 


surface. Here the space between the rami of the lower jaw is mainly occupied 
by the two pairs of large gular plates already described ; but in advance of 
these are three other small bones, two of which are obviously a pair meeting 
in the middle line, whilst the other more lateral element which on the right 
side separates them from the anterior end of the large gular is concealed on 
the left side by a forward displacement of that bone. At the spot where the 
four large gulars meet is a small median lozenge-shaped element, already 
figured, as were the large gulars, by Pander. 

No specimens known to us show the structure of the shoulder-girdle 
completely. 

There are a scale-like post-temporal and supra-cleithruin connecting the 
upper end of the cleithrnni with the tabular. The cleithrum is an elongated, 
narrow hone with a recess on its outer surface for the reception of the hinder 
edge of the operculum. It is so rigidly attached to the clavicle, that that 
bone usually retains its natural position and shape in the fossils, having 
resisted the crushing which disarticulates most of the other bones. 

There is some evidence (Peach Coll., No. 35, Royal Scottish Museum) that 
this attachment is effected by a special downwardly-projecting process on the 
inner surface of the cleithrum, which is received in a recess in the clavicle : 
that, in fact, the structure here is exactly as in Sa^nodus. 

The clavicle is a massive bone turning inward and forward onto the ventral 
surface, and with its fellow tilling up the triangular space between the 
principal gulars. 

There is some evidence of a large scale in the position of an interelaviele. 

Diptkrus platyckfhalus, Ag. 

We are unable to add much to the existing knowledge of the skull of 
/>. jdatycephalus . No specimen known to us shows the circumorbitals in 
intelligible form, and none gives an altogether satisfactory view of the 
opercular region. No. 1059, Hugh Miller Collection, Edinburgh, and 
Pander’s figures, Taf. 3, fig. 17, and Taf. 4, fig. 2G, show only three bones 
on each side — -an operculum, sub-operculum, and a gular ; no other specimens 
show additional elements, and it is thus possible that the apparatus was far 
more reduced than in />. valenciennesu although the material does not admit 
of definite statements. 

The structure of the lower jaw (if. fig. 34, p. 208) is perfectly shown by 
No. L. 10858 of the Manchester Museum. The general features of the 
morphology were accurately figured by Traquair, but that author was not 
acquainted with certain very important characters, vividly shown in our 
specimen. 

The dentaries are small elements forming a rim to the anterior end of the 
mandible ; the two bones are indistinguisbably fused. In section their outer 
surface forms nearly three quadrants of a circle passing smoothly from the 
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lower upward into the oral surface ; this surface is covered with the shiny 
punctate surface now recognized as characteristic of a cosmoid bone. This 
region projects forward, and is sharply marked off from the rest of the lower 
jaw by depressions on the nearly vertical lateral surfaces. 

The dentary articulates with three other bones which lie on the outer 
surface of the jaw ; these are, a very small spleniul lying anteriorly on the 
flat under surface of the chin, a somewhat larger post-splenial which forms 
part of the floor of the lateral depression, in addition to a large part of 
the ventral surface, and a very large angular which extends backward to 
articulate with the articular. 

Fig. 84. 



Dipterus plutycephalm (Ag.), Dorsal and ventral views of the lower jaw, with inner and 
outer aspects of the left ramus, x 1$. Restored from No. L. 10858, Manchester Museum. 
Ang., angular; Art., articular; Den., dentary; Po.Si\, post-splenial = preangular ; 

Pr.Art., pre-articular; Sp., splenial. 

The presence of splenial, post-splenial, and angular elements is clearly 
confirmed by No. 1878.5.166, Royal Scottish Museum, where these bones 
are seen from the dorsal aspect, the tooth-bearing bones being removed. 

The articular is a very large bone, with a well-defined condylar surface 
formed by a deep cylindrical excavation running across its hinder surface 
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and passing very obliquely backward. The bone is continued forward for a 
considerable but uncertain distance in contact with the inner surface of the 
pre-articular. 

The pre-articular is the bone usually called splenial in Ceratodus. In 
JDipterus platycephalic it is of great length, extending from the articular 
facet to a symphysis with its fellow, which extends forward nearly to the 
anterior end of the jaw. 

Its hinder part is a vertically placed thin sheet of bone, tightly applied to 
the inner surface of the articular, with a free upper margin which forms the 
border of the supra-Meckolian vacuity, and with its lower border in contact 
with a depressed strip of bone which appears to be a part of the angular, but 
is perhaps, as Dr. Stensio has suggested to us, really the ossified Meckel's 
cartilage. It is possible that in the naturally articulated jaw the strip was 
completely covered by the pre-articular, and that in consequence the ramus is 
represented as of too great a depth in fig. 34. 

From a point not far in front of the articular to the hinder end of the 
dontary the upper edge of the pre-articular is turned outward and the hone 
thickened ; anteriorly this edge meets the angular, forming the border of the 
very large supra-Meckelian vacuity. 

This out-turned edge of the pre-articular bears the tooth-plate, which is a 
thick pad with denticulated ridges radiating from a point on the inner border 
rather behind the middle. The pattern of these teeth-plates differs consider- 
ably in individuals ; they commonly extend much further forward than in 
fig. 34. 

The pre-articular is completed by turning inward as a flat, nearly horizontal 
plate to the symphysis, which lies on the dorsal surface of the splenials. 

In the reconstructions represented in fig. 34 the ramus may be made too 
deep and wide. The depth illustrated depends on the actual depth in the 
specimen ; the width is fixed by that of the hinder end of the dentary and of 
the tooth-bearing part of the pre-articular. At the most, the inaccuracy can 
only be of the order of one or two millimetres. 

The course of the lateral-line canal on the lower jaw is well shown in the 
specimen. Along the lower border of the angular it is represented by an 
irregular and oltcn double series of very small pits. 

On the post-splenial are two definite lines of large pits, one passing 
forward parallel to and just within the lower margin of the lateral depression, 
the other along the hinder border of the bone ; in addition, there are other 
scattered pits. The splenial has two pits near and parallel to its hinder 
margin. 

The new information about Dipterus recorded above adds very con- 
siderably to the evidence in support of the view first definitely stated by 
L. Dollo that Jtipterus is by far tho most primitive, as it is the oldest 
known Dipnoan. 
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Dipterus is now shown to resemble the Osteolepids in the following 
ways : — 

1. In the typical cosmoid structure of its scales. 

2. In the general body form, possession of two separate dorsal and an 

anal fin, and a heterocercal tail with an epichordal lobe. 

3. In the number and relations of the dermal bones of the top of the 

head. 

4. In the presence of splenial and post-splenial bones in the lower jaw, 

5. In the possession of a very elaborate opercular apparatus, including 

opercular and sub- opercular, a series of lateral gulars, a pair of 
principal gulars, and a median gtilar. 

6. In the structure of its paired tins. 

These resemblances are of a fundamental character, and imply a community 
of origin of the two groups. 

The principal features in which Dipterus differs from an Osteolepid are: — 

1. The loss of the hyomandibular as $ bone playing a part in the support 

of the quadrate. 

2. The suppression of the suprapterygoid ossicles and the possession of 

a symphysis between the ptengoids anteriorly, and of a sutural 
attachment of the pterygoids to the edges of the parasphenoid. 

3. The loss of the palatine and ectopterygoids, and the development of a 

“ tooth-plate ” on the pterygoid. 

4. The loss of the coronoids and the development of the tooth-plate on 

the pre-articular. 

5. The great reduction of the marginal tooth-bearing hones, the pre- 

maxilla 1 , maxillae, and dentaries. 

6. The forward inclination of the quadrate, with a correlated shortening 

of the lower jaw and a great reduction of the cheek-plates. 

7. The removal of the external nares f rom -a point on the upper surface 

to a position below the lip. 

8. The absence of a movable joint between the parietals and frontals, 

and of an unossified region of the basis cranii between the basi- 
occipital and basisphenoid. 

M umbers 1-6 of these differences are obviously dependent, on different 
food habits, the Dipnoi having adopted a diet which required trituration, 
whilst the Osteolepids are predaceous, swallowing their prey entire. 

Difference number 7 may perhaps have arisen not as an adaptation, but as 
a mere result of the mode of development of the olfactory organ in a fish 
which has a much reduced maxilla. 

The ditferences recorded under No. 8 can only be explained by supposing 
these peculiar characters to have been acquired by the Osteolepids after their 
separation from the Dipnoi. 
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Thus we are driven to conclude that the Dipnoi, although they have 
undoubtedly been derived from a stock whose general morphology was 
Osteolepid, were separated from that stock before its members acquired their 
most peculiar und diagnostic features. 

Comparison of the head of Dipnoi with that of an Osteolepid, the homo- 
logies of whose bones are obvious in the light of the structure of Palaeozoic 
amphibia, throws great light on the determination of the elements of the 
skull. 

The very interesting observations recorded by Prof. Goodrich in his 
general work on Fishes (1909) were the first correctly to lay down the main 
lines of the comparison between the skulls of Dipnoi and Osteolepids, 
especially in their recognition of the distribution of the lateral-line canals on 
the top of the head. 

Gregory (1915) further extended this comparison, and finally a comparison 
of the skull-roof of J). ralencienneti with that of the Osteolepids led 
Watson and Day to an identification of nearly all the bones which compose 
its apparently inexplicable mosaic. 

This interpretation depends on the belief that in IK platj/rephalns the 
tubulars and post-parietal have fused with the pari eta Is and Mipratemporals. 
The lack of a specimen of this species with the skull in articulation with the 
trunk renders the evidence incomplete, but the fact that the posterior row of 
three bones in all later Dipnoi houses* the occipital cross-commissure of the 
lateral line shows that it includes these bones; and the well-known pair 
of grooves on the median occipital, which are for a line of pit organs and are 
obviously homologous with a similar pair of grooves on the parietals of 
Osteolepids and some other fish, show that this bone includes the parietals. 

In the lower jaw of Dipterns the dentary, angular and articular are readily 
identifiable, aud the relations of the splenial and post-spleniul to the dentary 
and angular are so exactly those which obtain in Osteolepids* and indeed in 
Labyrinthodont amphibia as to leave no doubt of their homologies The 
only remaining bone, that which bears the tooth-plate, cannot be the splenial, 
as has been previously believed, because an undoubted splenial occurs in the 
same jaw. It can only be pro-articular or eoronoid : the "application of its 
hinder end to the inner surface of the articular, its large size and position on 
the inner surface of the ramus, show that it is a pre-artieular, and the 
symphysis which it makes with its fellow can be matched in the case of 
the pre-artieular of A iegalichthtfs. 

In ail Osteolepids aud Labyrinthodonts the teeth-bearing bones of the upper 
and lower jaws have certain quite definite relations to one another. The 
dentary bites within the maxilla, the teeth on the coronoids interlock with 
those on the palatine^ and ectopterygoid, and thq upper edge of the pre- 
articalar, which is usually covered with a granulation of small denticles, faces 
although it does not touch the similarly armed pterygoid. If, as seems to 
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be clearly .the case, the tooth-plate on the pre-articular of Dipterus be a 
development of this customary granulation, then the similar upper jaw 
structure on which it grinds must have been derived from the similar 
granulation on the pterygoid. It is improbable that this large tooth-bearing 
bone on the palate can be a conjoint pterygoid and palatine as is usually 
believed, because the palatine teeth of Osteolepids are always long tusks, 
unlikely in any case to be worked up into so typical a crushing structure as 
the Dipnoan dental plate, and were the palatine preserved, wo should 
expect to find that the lower plate was of coronoid derivation. Nothing in 
the structure of the Dipterus lower jaw supports this view, which can, how- 
ever, never be disproved because of the possibility (although we think 
general* great improbability) of a fusion of bones. 

The opercular apparatus of D. ralenviennesi is readily interpretable in 
comparison with that of an Osteolepid. Its unusual feature, the direct 
contact between the principal gular and the sub-opercular. is probably due to 
the great reduction of the hinder lateral gulars which is associated with the 
shortening of the jaw. The meeting of the two rows of lateral gulars in 
the front is paralleled in Meyalhhlhys (No. 28308, Museum of Practical 
Geology). 

The problem of the relationships of the known Dipnoan genera to one 
another is still incapable of satisfactory solution, because of paucity of material. 

The position of Dipterus valenciennesi , at the base of the series, seems to be 
made certain not only by the fact ttiat it is actually the oldest known species, 
but by the close comparison which can be drawn between its structure and 
that of an Osteolepid. 

From this form the series IK platycephalus , Pentlandia , Scaumenncia , 
Phaneropleuron^ first suggested by Prof. Dollo and supported from new 
evidence by Watson and Day, seem to have arisen. These forms first 
appear in time in the order named, and show a steady progressive change, 
resulting in a reduction of the dermal bones in the front of the head, a 
reduction of the ossifications in the chondrocrunium, a loss of the inter- 
frontal and intcrnasal elements, and a gradual fusion of the median fins 
with one another. All known features of their structure are consistent with 
direct descent of any form from that which precedes it. 

The new facts about the structure of Sayenodus and Cte nodus brought 
forward in this paper show that Watson and Day were not justified in 
separating them widely from one another and in deriving Sayenodus from 
Phaneropleuron . 

The descriptions we have giveu show that the two animals are closely 
related, that indeed the Lower Carboniferous “ C. interruptus 99 is in its teeth 
in many respects intermediate between the Coal-Measure forms of the two 
genera. Ctenodus has the less reduced skuli-roof, which by its retention of 
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interfrontal and internasal bones demands descent from a form not later than 
1). platycephalus , and cannot have arisen from the much more reduced skulls 
of Pentlandia , Scan men avia } and Phuneropleuron . 

The Sagenodus skull-roof can readily bo derived from that of Ctenodus. 
In its dentition Sagenodus is much more primitive than Cte nodus in retaining 
the Dipterine arrangement of radiating ridges on the tooth-plates ; in fact, 
Sagenodus and Ctenodus seem to afford an illustration of the fact, of not 
uncommon occurrence ami great theoretical interest, that if one of two allied 
closely-related forms is more specialized in a certain region than the other, 
it will be less advanced in the structure of some other region. 

The comparison between the structures of Sagenodus and Ceratodus 
included in the description of the former genus seems to us to establish the 
descent of the latter from the former animal. 

The Dipnoi from the Old lied Sandstone probably lived in unusual 
conditions. J. Barrell lias brought forward a mass of evidence to show that, 
in common with the other fish of the Old lied Sandstone, they were 
inhabitants of an arid region with seasonal rainfall, living in rivers which 
were liable to dry up during part of the year and in shallow and 
impersistent lakes. Although we believe that this view cannot be upheld 
in its entirety — for it is difficult to conceive of the Caithness flags being 
deposited anywhere except in a very extensive and permanent sheet of 
water — it is undoubtedly well founded in its general conclusions. 

The Coal-Measure Dipnoi lived under entirely different conditions in pools, 
often, as in the case of that in which the roof of the Low Main Seam at 
Newsham was deposited, of very considerable size and permanence. These 
pools seem to have lain in the midst of the coal-producing forests in a 
climate which was in no way arid. Thus this difference in habitat at once 
affords an explanation of the absence of any direct descendant of the 
Phaneropleuron line and the occurrence of a stock not known from the 
Upper Devonian. 

There remain for consideration the remarkable Uronemus and Conchopoma. 

These animals have been associated with one another, though only very 
doubtfully, by Traquair and Smith Woodward, because of the replacement 
in them of typical dental plates by isolated small denticles. 

Comparison of the figures and description given in this paper will show 
that there are no valid reasons for believing in the close affinity — that, in 
fact, they differ so greatly as to be in all probability merely functionally 
parallel modifications of very different stocks. Cronemus has a skull-roof 
retaining interfrontal and internasal bones, but much reduced by the loss of 
the bones on the lateral edge of the temporal region behind the squamosal, 
and of others forming the roof of the skull. C&nehopoma, with a much more 
reduced skull-roof, loses the internasal, has a much enlarged interfrontal, 
exhibits a fusion of the frontal, intertemporal, and post-frontal, and retains 
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the bone behind the squamosal. So far as the skull-roof is concerned, Uro- 
nemus might be derived from Cte nodus, Conchopoma from Sage nodus. 

In the palate the two genera differ very widely. Uronemus has a small 
parasphenoid, with a long posterior stem and a lozenge-shaped palatal part 
completely devoid of teeth. The pterygoids form an exceptionally large 
part of the palate, have a single series of large teeth along their outer margin, 
and an area covered with small teeth which show no trace of arrangement in 
radiating ridges. Conchopoma has a unique parasphenoid with a long, slender, 
posterior stem, and an enormously enlarged palatal part extending far forward 
and covered with an irregular development of small denticles. The ptery- 
goids form narrow slips along the lateral borders of the parasphenoid, bear 
only a few small teeth, and present no traoe of the enlarged marginal teeth 
of Uronemus . 

Both forms are unexpectedly primitive in retaining dentaries in the lower 
jaw, in addition to those splenials which have usually been palled by that 
name in Ceratodus. 

It now falls to be considered whether all the ancestors of these fish had 
only isolated denticles, or whether they have arisen separately by the breaking 
up of dental plates. 

Semon showed that in development the dentition of Ceratodus begins as a 
series of isolated denticles supported by a net-work of bony spicules, and that 
the tooth-plates of the adult are built up bytthe confluence of such denticles. 

Tiiis mode of development is consistent with the view that Uronemus may 
have arisen from a form with tooth-plates, because its isolated denticles 
may merely result from the carrying on to adult life of a structure which 
occurred in larval stages. It is probable that a stage with distinct unfused 
denticles formed a larger part of the life-history in early Dipnoi than it does 
in Ceratodus ; indeed, the small plate figured by Pander as I), tuherculatus 
(Taf. 5, figs. 20-21) seems actually to consist of individual denticles placed 
on a bony base. 

The whole structure of the Dipnoan skull, the short mouth and forwardly- 
directed quadrate, the rigid attachment of the pterygoids to the basis cranii, 
and the reduction of the hyomandibular,ali point to the Dipnoan stock being 
specially modified for the use of a highly-developed crushing dentition. . All 
these changes can be paralleled in those other groups of fishes which have 
developed analogous tooth-opiates. 

Thus we believe that a typical tooth-plate like that of Dipterus was probably 
of very early introduction into Dipnoan structure, its production having in 
fact gone on pari passu with the other correlated changes in the head. 

We are thus led to believe that Uronemus and Conchopoma are derived 
from fish which had tooth-plates, and as no such fish either has or needs a 
parasphenoid dentition, that the well-developed denticles on that bone in the 
latter fish are new developments. 
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Summary. 

This paper includes the first complete accounts of tho circumorbital region 
. and opercular apparatus of Dipterus valenciennesi , and of the lower jaw of 
D. phxtycephalus. It gives very nearly complete descriptions of the skull, 
lower jaw, and clavicular apparatus of Sagenodus and Ctenodus which much 
extend our knowledge of these fish. In it the structures of the anterior end 
of the rare fish Uronemus and Conchopoma are described and figured for the 
first time. 

Dipterus is shown to be directly comparable with Osteolepids in the 
structure of the opercular apparatus and the lower jaw, in addition to the 
many previously known resemblances. It is thereby showru that, as its early 
date would indicate, it is the most primitive known Dipnoan. 

Ctenodus and Sagenodus prove to be closely allied, and a detailed com- 
parison shows so great a similarity between the latter fish and Ceratodus us 
to leave no doubt that it is essentially ancestral to it. 

Uronemus and Conchopoma resemble one another only in the reduction in 
them of the tooth-plates to isolated denticles. In the structure of the palate 
and of the roof of the head they differ so much that they must represent 
widely-separated stocks. 

In the main, the trends of Dipnoan development suggested by Watson and 
Day are confirmed. It is, however, pointed out that the structure of the 
neural cranium of the Osteolepids, as described by Bryant in Eusthenopteron , 
is such that the Dipnoi cannot be direct descendants of that group, but that 
with it and the Amphibia they arose together from common ancestors at a 
time before the Middle Devonian. 

We have to thank Dr. A. Smith Woodward, of the British Museum, 
Dr. Kitchin, of the Museum of Practical Geology, Dr. Tattersall, of the 
Manchester Museum, and especially Drs. Eagle Clarke and J. Ritchie, of the 
Royal Scottish Museum, for the use of the materials in their care. 
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On the Method of Ovi position and the Egg of Lyctus brunneus , Steph. By 
A. M. Altson, F.E.S. (Oonnnunicated by Dr. A. D. Imms, F.L.S.) 
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Introduction 1 . 

In April 1920, the writer commenced an investigation on Lyctus — Powder- 
post— beetles attacking seasoned hardwoods, with a view to devising control 
measures against their ravages. 

This paper is a part of one originally written dealing with all those various 
aspects of L . brunneus which had not been recorded, but owing to the co*fc 
of getting the whole published, it has been found necessary to cut it up into 
sections, and this constitutes the first part. 

There are two species of beetles of the genus Lyctus , family Lye tube, so 
far recorded in the British Isles. They arc Lyctus ( Xylotroy us) brunneus, 
Steph., and Lyctus linearis , Goeze ( canaliculatus , Fab., oblonyus , Oliv., 
striatus , Melsh., unipunctatus , Herbst). Both species breed in dry or 
seasoned hardwoods, usually attacking the sapwood only, although L. brunneus 
was found attacking the sap und heartwood of mahogany (A hay a sp.), and 
Noerdlinger (1862) recorded L . linearis as attacking sap and heartwood of 
black locust (Gleditschia tnacanthos). 

In 1891 Fowler recorded L . brunneus us very rare, and L. linearis (canali- 
culatus) us common ; the contrary is now the ease. Hopkins (1911) 
considers brunneus — now widely distributed throughout the world — to be of 
S. American origin, and linearis of European origin. 

Review of the Literature. 

Amongst the mass of literature on Powder-post beetles, there has l**en very 
little published upon L . brunneus , and what there is deals mainly with its 

LINN. JOURN.— ZOOLOGY, VOL, XXXV, 16 
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ravages, but on the other Lyetus beetles there are some descriptions of 
oviposition, and in three cases an egg is described. 

In 1853 Heeger figured and described an egg, a legless larva, and a pupa, 
which he ascribed to L. pubescent , Panz. 

In 1855 Noerdlinger described the larva, pupa, and adult of Z, linearis 
(canaliculatus), and in an account of the habits stated that the eggs were 
deposited in cracks or fissures. 

In 1874 Kaltenbach refers to the habits of the larva ot linearis {canali- 
culatus) and to that of pubescent , quoting Heeger as his authority in the 
case of the latter. 

In 1876 Perris described and figured the larva of linearis (< canaliculatus ), 
and disputed the accuracy of Heeger's description of a legless larva of 
pubescent . 

In 1880 Kittel described — after Noerdlinger (1855) — the larva, pupa, and 
adult of linearis ( canaliculatus ). 

In 1883 Dugcs described and figured the larva, pupa, and adult of 
L. planicollis, Le Conte (Z. mrbonarius , Waltl,), to prove that the legless 
larva described and fignred by Heeger could not belong to the genus Lyetus . 

In 1890 ttye refers to the discovery of a legless larva of “a species of 
Lyetus ” (?). 

In 1898 Xambeu described the life-history of linearis ( canaliculatus ) 
including a description of the egg, and stated that the eggs were deposited in 
cracks or fissures; this description was corroborated by Bureau (1900), and 
.since by several writers, ' 

In 1916 Snyder described the egg and manner of oviposition of / davirollis , 
and figured the egg. This egg differs from that of pubescens as described 
and figured by Heeger, and from that of linearis as described by Xambeu, 
but it is practically identical in appearance with tho egg of brunneus found 
by the writer. This similarity between the eggs of planicollis and brunneus 
is maintained up to the time of maturation of the larva (PI, J2. fig. 4 ), but 
the method of the larva’s hatching differs. 

Oviposition in brunneus is similar to that of planicollis , and it is not as 
described by French in 1918, who states : — “The female ( brunneus ) deposits 
her eggs on the outside, underside, and ends of the timber.” The eggs are 
deposited inside the timber. 


Material used. 

Most of the infested material from which L . brunneus was bred was obtained 
in London from hardwoods stored in a timber yard, where the presence of the 
beetle had been known for a few yeai s. 

Pieces of infested wood were collected in April 1920. The beetle was 
then still in the larval stage. In May of the same year, a small quantity of 
the infested material was placed in a refrigerator with a constant temperature 
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•of 8° C. to retard development : this material was withdrawn in July 
1920 and enahled the writer to verify the observations on oviposition and the 
•egg at leisure. 

The infested woods collected were West African mahogany (Rhaya sp.) , 
44 Wainscot'* out (Quernis Kobur ), and “Italian" walnut (Juglans regia). 
Beetles were also bred from locust ( Robin i a pseudacacia). 

Unfortunately no living specimens of L. linearis were obtained, although 
•efforts were made in various directions to procure some. No beetles emerged 
from two pieces of oak — hitherto infested with L. linearis — which were sent 
over from Paris, nor were any living larvae or pupae found. Dr. C. J. Gahan 
informed the writer, that no record of tho capture of this beetle in the British 
Isles had come to his notice for some years. 

Mating. 

The beetles are sexually mature when they emerge. Mating takes place 
immediately after emergence either at dusk or during the night. It was 
observed in daytime ; and on several occasions two beetles were found 

* r 

occupying the same pupal chamber, but in no instance was mating observed 
to last very long. Individual males fertilize several females, therein differing 
from /,. linearis described by Xavnheu (1898), who stated coition lasted 
the entire night and the male then dies. In brunneus , females considerably 
outnumber I bo males. 

The length of the life of the females when free to mate and oviposit 
averaged about six weeks ; the males lived two to three weeks. The food of 
the adults consists of particles of wood-tissue. 

Oviposition. 

The ovipositor is an exceedingly long and flexible organ, and when fully 
extruded (PI. 12 . fig. 1) it is nearly the length of the beetle. 

Oviposition begins two to three days after mating and takes place, at dusk 
or during the night, In the tracheae, or vessels, or pores of the wood. 
Consequently those woods in which the vessels are most numerous are most 
liable to heavy attacks. 

The fomale either projects the ovipositor directly into the vessel, or it is 
curved down and bent forward in the vessel underneath the body. Before 
actually inserting the ovipositor into a vessel, a preliminary examination of 
the surface is made with the ventral pygidia) palps, and after selecting a 
vessel the ovipositor is slowly inserted, and apparently a further examination 
is made within the vessel by the vaginal palps (/>, text-fig. 1) on the apex 
of the ovipositor ; when, if the conditions are suitable, two or more eggs are 
deposited. The number, however, depends upon the suitability and capacity 
of the vessel. For, when an obstruction is encountered — in the form of 
broken down transverse walls, etc. — only one or two may be deposited, or the 
ovipositor will be withdrawn and another vessel tried. 

16 * 
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The eggs are always laid longitudinally in the vessel and in juxtaposition,, 
the anterior pole of one being end on to the posterior pole of the next. 

A female will retain the ovipositor in the vessel for several minutes, and 
repeat the process in other vessels until her supply of ripe eggs is exhausted. 

The egg issues from the vaginal orifice (vo., text-fig. 1) between the basal 
pieces (ip.), and is guided by the vaginal palps (p.). 


Tbxt-fio. 1. 



Apex of the ovipositor, ventral, an., anus ; be., bum copulatrix ; bp., basal 
piece; Jr., forked rod; p., vaginal palp; rd., cbitinieed red; 
vo., vaginal orifice. Camera lucida, (xl28.) 

From observations on a beetle when ovipositing, jt was noticed th at she* 
moved forward once before withdrawing the ovipositor ; apparently ,tho 
movement was just far enough to allow for a space for the second egg to bo 
deposited in 



OVIPOSITION AND THE EGO OF LYCTFS BKUNNETTS. 


221 


Oviposition also takes place — in the case of previously infested wood — in 
ihose vessels which have been bitten across in the pupal chamber and its 
extension to the exit-hole. 

It was observed that, when the beetles are feeding on the surface of the 
wood, they always bite the tissues transversely ; this habit — if the wood is 
longitudinally split — not infrequently cuts open a vessel and creates a point 
of access to it. In several instances, examination has shown that this opening 
in the vessel has been used for the deposition of eggs. 

The eggs are deposited in the vessels at varying distances from the point 
of access of the ovipositor, but the anterior pole of the last egg laid is seldom 
less than 1 min. from it. In one specific instance in which three eggs were 
found, the distance from the point of access to the posterior pole of the first 
egg deposited was 3'75 mm. ; on two occasions five eggs in juxtaposition were 
found, in these cases the ovipositor had been inserted more than 5 mm. 

The eggs were difficult to find and very easily broken when shaving off the 
wood-tissues in search of them, and when exposed, the task of removing them 
or “ digging ” them out is an exceedingly difficult one. The writer estimates 
that on an average 75 per cent, of the eggs were lost in trying to locate them, 
and probably (50 per cent, of the located eggs were damaged or destroyed in 
endeavouring to extract them from the vessels. 

From the examination of several ovaries, it was found that in the case 
of fertilized females, only a small number of eggs mature at a time, 
eight to twelve being the usual number found collected in the calices. 
In the case of unfertilized females, the ripe eggs continue to pass into the 
calices until the latter become swollen and the death of the female ensues. 

The Egg. 

PL 12. fig. 2 is a photograph of deposited eggs in $itu ; part of the vessel 
and surrounding tissues have been removed. 

The egg is translucent white and cylindrical ; tapering towards and 
rounded at the posterior pole. The anterior pole is rounded, but continuing 
from it, as if broadly attached to it, is a long, slender tube-like process 
which terminates in a round protuberance. 

This process varies considerably in length even in those eggs laid by one 
female. The process was never observed to be attached to the walls of the 
vessel, but when two or more eggs had been deposited in the same vessel it 
was usually found adhering to the egg next to it. 

The chorion is creased longitudinally, giving the egg the appearance of 
being marked with longitudinal striae, which concentrating at the anterior 
pole are more pronounced in this area. These striations and the process or 
atrand were found to owe their origin to the action of cbitinised setae lining 
% pair of valves situated at the junction of the oviducts, and are the result 
of the pressure exerted by the valve upon the egg as it is forced through on 
its passage. 
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A ripe egg removed from the calices of a female does not show the 
process or striations, and would thus agree with Xambeu's (1898) descrip* 
tion of the egg of L . linearis . 

The recently deposited egg (PI. 12. fig. 3) has a distinct granular appear- 
ance, due to the exceptionally large yolk granules. 

The size of the deposited eggs was found to range from 1*25 mm. to* 
0*8 mm, in length without the process, which varied in length from 0’2 mm. 
to 0*35 mm., and the width of the egg ranged from O’ 15 mm. to 0*175 mm* 
During maturation the egg slightly increases in size. 

In eight specific instances, comprising 13 eggs under observation, the 
young larva reached maturity 15 days after the egg was laid. That is, 
movements of the larva were visible within the chorion at that period* 
The actual number of hours any of these eggs took to reach this stage is not 
known, as the time at which oviposition took place was not observed. Hut 
the small pieces of wood in which the beetles were allowed to oviposit were 
put in their cages — glass-topped tins — in the evening and collected the 
following morning, 12 to 16 hours later. 

At the time of maturation or when the first movements of the larva are 
visible, it occupies approximately half the length of the egg (PI. 12. fig. 4) 
.and is situated in the posterior portion ; the anterior portion, from the base 
of the process to the head of the larva, is occupied bv a mass which consists 
of large yolk granules and fat bodies. The writer has observed that this 
extraordinary mass* constitutes in L . brunneus the initial food of the young 
larva whilst still enclosed within the chorion. 

In the case of L . j olanicollis it is stated that : 44 In hatching, the larva 
backs out of the egg ” (Snyder, 1916). It is the reverse with />. brunneus. 
So soon as the larva is matured, it commences to eat the residual yolk-mass 
situated in the anterior portion of the egg by means of its mandibles, and 
travels forward to do so. If an egg is completely exposed in the vessel, 
the larva is unable to consume the entire residual yolk-mass, owing to its 
movements and the lack of “overhead ” support — the wall of the vessel — it 
usually breaks tbe chorion and works its way out of the vessel. But if small 
strips of tissue, such as parts of a medullary ray, are left above part of the 
egg, the larva is able to maintain its position and consume its food, and at 
the same time the observer is enabled to follow its normal movements. 

An examination of longitudinal and transverse sections of a small number 
of eggs in different stages of development, suggest that tbe phenomenon of 
the residual yolk-mass is due to the blastoderm enveloping only a part of the 
yplk. It was thought that it might be a case of polyembryony, with one of 
more embryos abortive, but there was no evidence found to support this. 

* Owing to the lack of an existing term for this “yolk-mass” —no analogous yolk-mast 
being known— -the term residual yolk-mass has been suggested and is used in this paper to 
denote it. 
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Text-fig. 2 gives a sericsjof diagrammatic sketches showing the matura- 
tion of the egg in four stages. 

The movements of the larva are easily discernible within the intact 
covering of the chorion, and it is not until the larva has been feeding for 
some time that the chorion becomes broken by its movements at the posterior 
end and later injured in the process of the consumption of its initial food. 

PI. 12 . fig. 4 depicts an egg! in which the larva has commenced feeding on 
the residual yolk-mass in which its head is partially buried. (The bend in 
the egg was due to the movement of the larva when dropped into Carney II.) 
The photo show’s that the chorion at the posterior end is broken, and that it 
is crumpled in the part occupied by the larva, whereas it is quite taut 
around the anterior part. 

Tkxt-fig. 2. 



Development of the egg (diagrammatic). 1. Egg twelve hours old. 2. Several da\s later. 

3. About ten days old. 4. Mature egg. 

a. f anterior pole ; cA., chorion ; ea., embryonic area; cm., embryo ; fym., formation of 
residual yolk-mass; p,, posterior pole ; /*?., process or strand ; r#/w., residual yolk- 
mass ; y. f yolk. 

Locating the Eggs. 

In the first instance the beetles were caged in a cavity (1J inches in 
diameter) cut with a brace and bit in pieces of mahogany (4 inches bv 
3 inches by 1 inch thick). The cavity, which was full of cracks, fissures, 
and crevices, was about £ inch deep, and it and the surface of the piece of 
wood were covered with a piece of glass held in position with elastic bands. 

Shaving off the wood with a scalpel under binoculars in search of the 
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eggs, after the maimer of oviposition was established, proved far from 
satisfactory and extremely laborious owing to the mass of wood which had 
to be cut away from the sides to shave down those purts to get near the 
vessels which had been opened transversely and accessible to the beetles. 
And so another and entirely successful method was adopted. 

Glass-topped tins were used as cages. Into these small pieces of 
mahogany were put for the beetles to oviposit in. The sizes of these 
pieces, which were split on all faces longitudinally with the vessels, and 
cut transversely at the ends, ranged from 1 to 2 inches in length by one- 
eighth to about three-eighths of an inch in width and thickness. 

The search for the eggs in these pieces was carried out us above and was 
mainly confined to the extremities, unless a vessel had been fractured in 
splitting or bitten open by a beetle. 

No attempt was made to find eggs in planks or in the “field.” 

Note on Lyctvs likeabis , Goezk. 

As no living specimens of Z. linearis were obtained, the writer's intention, 
to study the early stages of this insect with a view to critically examining 
the descriptions of the manner of oviposition and the egg as published 
by Noerdlinger (1855) and Xamben (1898), did not materialise. 

Several writers since 1898 to 1920 have published corroborative accounts 
of Xambeu’s description of the egg and manner of oviposition. But it has 
recently been found that in 1917 Hopkins and Snydor — after the latter’s 
discovery of the egg and manner of oviposition of Z. planicollis — published 
a paper in which they described the life-histories of Z. linearis , L. parallelo- 
pipedus , Melsh., Z. eavicollis , Lee., and L. planicollis , as being identical 
except as to the time of the emergence of the adults. The inference to be 
drawn is that the egg and manner of oviposition is similar in these four 
species and consequently similar to the egg and manner of oviposition of 
Z. brunneus as described in this paper. 

Therefore Xambeu’s description of a strandless egg deposited in cracks, 
fissures, or crevices can no longer stand. 

It will probably be found that this method and manner of oviposition 

depositing the eggs in the tracheae, vessels, or pores — is a generic charac- 
teristic of the wood-infesting Lyctus beetles. 

Conclusions. 

The phenomenon of the egg of Z. brunneus is, so far as it has been 
possible to ascertain, unlike any case of embryological development recorded, 
not only in the records of Entomology, but in those of Zoology as a whole ; 
a case in which within the egg is produced the young larva’s initial food. 

The closest analogy found is that of a case of polyembryony discussed by 
Gatenby (1919) in a review on the early development of the egg and the 
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formation and maturation of the larvse of a polyembryonic Encyrtid 
(Parasitic Hymenoptera), in which he refers to the existence of abortive 
embryos. He states : “ It is remarkable to find that in the polyembryonic 
Hymenoptera a large region of the egg is entirely discarded. I n fact, just 
that region of the egg which would have formed the head, brain, etc., of 
the embryo is rejected.” 

It is the same area in the egg of L. brunneus which becomes the larva’s 
initial food. 

The similarity of the egg of L. brunneus to that of L. planirollia — as 
described and figured by Snyder (1916) — in their appearance up to the time 
of maturation, suggests that the embryological phenomenon of the former 
species must also exist in the latter. 

Summary. 

1. The method and manner of oviposition in L. brunneui is established and 
is found to lte the same us in L. planieollis, which is that of depositing its eggs 
in the trachea?, vessels, or pores, and under the surface, of the wood. 

2. The eggs incubate in 15 days. The young larva, which occupies barely 
half the length of the egg, does not batch out at once, but proceeds to eat the 
residual yolk-mass contained in the anterior part of the egg. 
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EXPLANATION OF PLATE 12. 

Fig. 1. Photomicrograph of female L. brmnern , with ovipositor fully extended ; magnified 
7 diameters. 

2. Two eggs in situ in a piece ot mahogany. 

8. Photomicrograph of an egg, 12-10 hours old. 

4. Photomicrograph of a mature egg. 

(Fig. 1 by C. CiUNNS; figs. 2-4 by A. M. A.) 
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Some Echinoderms from West Australia. By Hubert Lyman Clark, 
Museum of Comparative Zoology, Cambridge, Mass., U.S.A. (Com- 
municated by Prof. W. J. Dakin, P.L.S.) 

[Percy Sladen Trust Expedition to the Abrolhos Islands under the 
leadership of Prof. W. J. Dakin.] 

(Plate 13.) 

[Head 1st February, 1923.]' 

The collection of echinoderms placed in my hands by Professor Dakin* 
prove to be of great interest even though the number of species represented 
is small. The specimens were taken off the coast of West Australia, chiefly 
among Houtmun’s Abrolhos Islands, but a considerable number were dredged 
near Fremantle, while one interesting specimen comes from Broome. Many 
of the species are represented by but one or two specimens, and on this 
account it is not possible to determine the relative abundance of the 
different forms. 

The 143 specimens represent 46 species, of which two ( Ophiactis sarujnyi . 
Ec hi nocar dium cordatum) are practically cosmopolitan. Of the others. 27 are 
tropical species, most of which are common in the East Indies; their 
occurrence at the Abrolhos is notable because those islands are so far south 
of the usual range of the species ; few, if any, extend their range nearly so 
far southward on the eastern side of the continent.. 

There are, in the present collection, 8 species which occur on the southern 
or south-eastern coasts of Australia between Sydney and Perth, though most 
of them are known from only a few widely separated stations. These, which 
may be called the typical Australian species, are : — 

Astropecten preissii Miiller & Troschel. 

Luulia maculata australasuv Doderlein. 

Asterina gnnnii Gray. 

Coscinasttrias calamaria (Gray). 

Ophiothrix spongicola Stimpson. 

Amblypneastes pallidus (Lamarck). 

■' lleliocidaris erythrogr amnui (Valenciennes). 

Breynia australasim (Leach). 

* 1 beg to express here my sincere thanks to Professor Dakin for the opportunity of 
studying this valuable collection. I would also thank my friend Mr. Austin II. Clark for 
very important assistance in connection with bibliographical data, which were not available 
to me. 
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There are 9 species which seem to be endemic ; at least they are not yet 
known from anywhere but the coast of West Australia : — 

Pentagonaster stibarus H. L. Clark, 

Anthenea australias Doderlein. 

ArUhenea globigera Doderlein. 

Nectna macrolrachia , sp, nov, 

Petricia ohesa , sp. nov. 

Parasterina crassa (Gray). 

Uniophora dyscrita, sp. nov. 

Opliiothrix michaelseni Koehler. 

Centrostephanus tenuis pinus H. L. Clark. 

The following species were taken only off Fremantle : — 

Luidia maculata australasuv Doderlein. 

Astropecten preissii Muller & Troschel. 

Asterina gunnii Gray. 

Parasterina crassa (Gray). 

Opliiothrix michaelseni Koehler. 

Kchinocardinm rordatum (Pennant). 

Three species were found both at, Fremantle and at the Abrollios : — 

Anthenea aust value Doderlein. 

Opliiothrix spongicola Stimpson. 

Opliiothrix stelligera Lyman. 

From Broome alone, comes a specimen of 

Euryale aspera Lamarck, 

Although Gray described several sea-stars from “Swan River and 

Western Australia” as far back as 1840 (Ann. Mag, Nat. Hist. vol. vi. 
Dec. 1840, p. 281) and 1847 (Proc. Zool. Soc. London, pp. 75-83), almost, 
nothing else was published dealing with the eehinoderms of that region until 
after the close of the nineteenth century. In 1907, Koehler reported on the 
collection of ophiurans made by Michaelsen and Hartmever between Cape 
Naturaliste and Sharks Bay in 1905, (See their ‘Die Fauna Siidwest- 
Australiens,’ Bd. i. Lief. 4.) There were 28 species in this collection, of 
which only three were new, and most of the others were well-known Indo- 
Pacific species. In 1911, A. H* Clark published his invaluable report on 
the “Recent Orinoids of Australia” (Mom. Austral. Mus. vol. iv. pp. 703-804) 
and also a report on the collections made by Michaelsen and Hartmeyer 
(Fauna Siidwest-Australiens, Bd. iii. Lief. 13), the two papers giving a 
complete list of Western Australian Crinoids. In 1914, Doderlein reported 
on the echini brought back by Michaelsen and Hartmeyer (Fauna Siidwest- 
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Austral. Bd. iv. Lief. 12), which included 16 species of which three were new. 
The same year, Mr. B. Alexander published (1914, Ree. West Aust. Mus. 
vol. i. pt. iii. pp. 108-112) a list of the ecliinoderms of Western Australia 
found in the Western Australian Museum at Perth. This list was based on 
papers by A. H. Clark and myself published in the same part of the 
“Records,” dealing with the crinoids and the other ecliinoderms res- 
pectively. In his list Alexander records 86 species, of which half a dozen 
are holothurians. As there are no holothurians in the collection sent me 
by Professor Dakin I shall ignore that class, and the present remarks deal 
only with the actinogonidiate ecliinoderms*. Alexander includes only ten of 
the 28 ophiurans of Koehler’s 1907 list and only five or six of Ddderlein*« 
list of echini, there being some question about certain identifications in this 
group. 

In 1918, Mortensen (Kungl. Svenska Vet.-Akad. Handl., Bd. 58. no. 9) 
published a report on echini collected by Mjdbcrg at Cape Jaubert and 
Broome, a region from which almost nothing was previously known. This 
collection contained 14 species, of which only four are found in Doderleiu’s 
list from the south-western coast. In 1919 appeared (vision's (Kungl. Svenska 
Vet.-Akad. Handl., Bd. 59. no. 4) admirable report on the crinoids collected 
by Mjdbcrg, in which is given a careful and very valuable account of seven 
species, oue of which had not previously been reported from Western 
Australia. 

Up to the present time therefore, 125 species of echinoderms. not including 
holothurians, have been reliably reported from Western Australia, and there 
tire perhaps 10 or 11 species which could be added to this list on the strength 
of old records which may not properly he ignored. This gives us a total of 
at least 135 species occurring in the. region, already reported, but as the 
Dakin collection contains no fewer than a dozen species not hitherto recorded, 
it is evident that the total number of ecliinoderms occurring on the western 
side of the Australian continent certainly exceeds 150, anti it is probably in 
excess of 200. 

It is interesting to examine separately the list of species occurring at the 
Abrolhos, as those islands are said to contain the southernmost coral reefs in 
the world. Including the species here recorded, the list of forms known 
from the Abrolhos is as follows : — 


Crinoids : — 

Cumatdla nigra (P. II. Carp.). 
C. stelligera (P. H. Carp.). 

Co mat ula solaria (Lam,). 

C. pectinate (L.). 

Comanthm annulate (Boll). 


Coman thus jxirricirra (J. Mull.). 

C. pohjcncmis A. IT. Clark. 
Amphimetrajacquinoti (J. Miill.). 
Lamprometra yytjes (Bell). 
Oligometra serripinna (P. II. Carp.). 


* [The Holothurians from West Australia are iu the bauds of Dr. Jos. Pearson, Colombo 
Museum. — W. J. D.] 
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Asteroids : — 

Nectrici macrobrachia , sp. nov. 
Pentagonaster stibarus H. L. Clark. 
Stellaster incei Gray. 

Anthenea australue Dod. 

Anthenea globigera Dod. 

Ophiuroids : — 

Ophiactis savignt/i (M. & T.). 

Ophiotkrix longipeda (Lam.). 

O. michaelaeni Koeh. 

O. apongicola Stimpson. 

Echinoids : — 

Prionocidari t baculosa var. annulifera 
(Lam.). 

P. biapinoaa var. chinenm (Dod.). 
Centrechinus mvignyi (Mich,). 

C. setosua (Leake). 

Centro8tephanu8 tenuispinus II. L. Clark. 
Amblgpneustes pallidas (Lam.). 


Fromia andamanenais Koeh. 

F. elegana H. L. Clark. 

Bunaster litkodea Fisher. 

Patricia obesa , sp. nov. 

Asterina burtonii Gray. 

Ophiotkrix stM'gera Lym. 
Ophionercis porrccta Lym. 
Ophiocoma brevipes Peters. 
Ophioplnctts imbricatus (M. & T. J. 

Salmacis virgulata A g, & Des. 
Pscudoboletia Indiana (Mich.). 
Tripneustea gratilla (L.). 
Heliocidari s en/throgramma (Val.). 
Echinomctra mathaei HI. 

Breynia awtralasiat (Leach). 


Of these 40 species, now known from the Abrolhos Islands, three-fourths 
may be reckoned as tropical species, for 1 is tropicopolitan, 25 occur in the 
East Indies, and 4 others occur along the coast of northern or at least north- 
eastern Australia. Of the remaining 10, 7 are endemic and 3 are South 
Australian forms. Of the endemic species, 3 (Nectria macrobrachia , Petricia 
obesa , and Centrostephanus tenuispinus ) are most nearly allied to species from 
the southern coasts of Australia. It is evident, therefore, that the Abrolhos 
have received their echinoderm fauna chiefly from the north, and that only 
a very small number of characteristically Australian forms have as yet found 
a footing among those islands. 


CB1N0IDEA. 

COMATELLA NIGRA. 

Actinometra nigra P. H. Carpenter, 1888, ‘ Challenger * Comat. p. 304. 

Comatella nigra A. H. Clark, 1008; Smithson. Misc. Coll, lii. p. 207. 

A single well-marked specimen dredged off’ Long Island, Abrolhos. It is 
nearly black, has 40 arms about 110 mm. long, and the very powerful cirri 
are XXII, 25-28. The disk is about 32 mm. across, orally. This species 
has not been recorded hitherto from western Australia, though it is known 
from the Aru Islands and I found it at the Murray Islands in 1913. 

Comatella stelligera. 

Actinometra stelligera P. H. Carpenter, 1888, ‘ Challenger ’ Comat. p. 808. 

Comatella stelligera A. H. Clark, 1908 ; Smithson. Misc. Coll, lii, p. 207. 

A single specimen of this northern species was taken on the shores o£ 
Wooded Isle. It is bright yellow-brown, in its preserved condition, is. 
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25 mm. across the disk, and has 25 arms : 90 mm. long more or less. 
Cirri XXX, 19-22. There is only one record of C. stelligera from a point 
anywhere nearly so far south as Wooded Isle, and that is the isolated and 
dubious record from Port Jackson. The species ranges from Ceylon to 
Samoa and is very common at the Murray Islands, cast of Torres Strait, but 
is not known from the coast of Queensland. 

CoMATULA SOLARIS. 

Lamarck, 1810, A aim. a. Vert. ii. p. 533. 

A specimen with the 10 arms, 125 mm. Hr long and about 7 mm. wide, 
near base, was taken at East Wallaby Island. It is almost black, but has a 
longitudinal light stripe on the dorsal side of each of the arms, which are 
remarkably stout. A second specimen not quite so large, taken in the 
dredge off Long Island, has no tract? of the light stripe on the dorsal side of 
the arms. It has the cirri XIII, 18. 

(■OMATULA PECTIN AT A. 

Asteria* pert i nut a Limit*, 1758, Syst. Nat. ed. x. p. G(>3. 

Com a tula pec tin at a A. II. Clark. 1908, Proc, U.S. Nat. Mus. xxxiii. p. 085. 

This comatulid seems to be rather common at the Abrolhos, as there arc 
13 specimens in the present collection : 9 dredged off Long Island and 4 
dredged near First Island. All are brown, pale bro\yj, or yellow-brown in 
colour. They are small, only two or three having arms 100 mm. long. The 
cirri range from I-XIV, with segments 10-14, but in no case are they 
arranged in pairs at the corners of the controdorsal as they are in f . purpurea. 
Otherwise these specimens would, because of their small size, be more 
naturally assigned to that species, which Mr. A. II. (lark has recorded from 
“ between Fremantle and Genildton.*’ Several of the specimens examined 
by Mr. Clark were not typical C. purpurea , and intergrade evidently with 
(\ peetinuhi. Gislen (1919) has found so much intergradation between 
C. pecthmta and C. purpurea that he retains the latter name as varietal only, 
and 1 am inclined to agree with him tlmt it is certainly not specific. Just 
what the relation between C. purpurea and C.peciinata really is requires still 
further study. 

COMANTUUS ANNULATA. 

Actinometra annulata Bell, 1882, Proc. Zool. Soc. London, p. 535. 

Cvmanthm ( Vania) annulata A. H. Clark, 1911, Mem. Austral. Mus. iv. p. 757. 

The seven specimens of this handsome species were all taken on the shores 
of Wooded Isle. The number of arms ranges from 36 to 47 and their length 
from 100 to 125 mm. ; in the specimen with 36 arms every Br series is 
4 (3 + 4), but in the one with 47 there are four II Br series, 2 and one 
IV Br series, 2. Cirri very weak, V-VIII, 12. The uniformity of these 
specimens in coloration is their most notable feature, and in this they agree 

LINK. JOUKN. — ZOOLOGY, VOL. XXXV. 17 
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with seven of the specimens A. H. Clark (1914, Rec. W. Austral. Mas. u 
p. 120) records from between Fremantle and Geraldton, except that they 
apparently have a darker ground-colour. But they are all spotted with 
uniformly small, circular greenish-yellow dots, generally quite distinct, but 
obscured in some of the darkest specimens. In view of the extraordinary 
diversity of colour of this comatulid, at the Murray Islands, it is remarkable 
that no diversity at all is shown at the Abrolhos. Possibly this western 
form may be worthy of a varietal name, but further field observations arc 
necessary before a decision can be reached. 

COMANTHTTS PAHVICIRRA.' 

Alecto parvicirra J. Muller, 1841, Arch. f. Naturg. vii. p. 146. 

Camanthus parvichra A. II. Clark, 1008, Smithson. Mine. Coll. lii. p. 203. 

There are seven comatulids from Wooded Isle which seem to represent this 
species, though the colour is the yellow-brown characteristic of C. luteofusca. 
They range in size from those with arms 35-40 mm. long up to those whose 
arms exceed 100 mm. The disk is 7-12 mm. across. The arms range from 
12 to 23 in number. The cirri are few and weak, and have the characteristic 
form and proportions. 

AMPHIMETRA JACQriKOTi. 

Comat ulajacquiiwti J. Muller, 1840, Monatab. d. k. preuss. Akad. Wise. p. 178. 

Amphimetra jnequinoti A. II. Clark, 1914, Rec. W. Austral. Mus. i. p. 124. 

There are five specimens of this fine comatulid, but all are more or less 
badly broken ; two were “dredged outside Wallaby Group/ 1 while the other 
three were “ dredged off Long Island/’ They are each about 12 mm. across 
the disk, and the arms wore apparently about 100 mm. long. The cirri are 
XXI-XXVI, 2C-32, 33-39, 3(5-41, with the segments all much wider than 
long and the dorsal teeth beginning at the 1 2th— 1 5th segment. The calyx 
and arms in each specimen are a dirty cream-colour, while the cirri are of 
that shade only at the base, becoming purple distally. 

Lamprometra gyges. 

Antedon gyges Bell, 1884, c Alert ’ Rep. p. 100. 

Lamprometra gyges A. H. Clark, 1913, Proc. Biol. Soc. Wash. xxvi. p. 144, 

There are two light-brown specimens of this species collected along the shore 
at Wooded Isle. The arms are about 100 mm. long, and their segments 
proximally are so closely opposed to each other that the basal part of the 
arm is noticeably smooth and regular. The cirri are XXX-XXXII, 25-30 5 
one specimen shows twenty-three additional cirrus-sockets. The cirri are 
less brown, more grey than the calyx. In one specimen there can be 
distinguished along the dorsal side of each fully-developed arm an incon~ 
spicuons longitudinal whitish line. 
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Oligometra serripinna. 

Antedon serripinna P. H. Carpenter, 1881 , Notes from the Leyden Museum, vol. iii. 
pp. 175, 182. 

Oligometra serripinna A. II. Clark, 1908, Proc. Biol. Soc. Washington, vol. xxi. p. 12(5. 

At Long Island a single small specimen of this comatulid was taken, but 
it is not typical. The ridge across the segments of the cirri is very incon- 
spicuous, and none of the pinnule segments have conspicuous projections. 
There are ten arms about 35 mm. long, and the cirri are XII, 17. P] has 10 
segments, P 2 has the same number but is conspicuously bigger, while P 3 also 
has 10 segments and is about equal to Pj. In colour the general impression 
is olive-cream and purple, the former being the ground-colour. There is a 
distinct wide purple line up each side of Brj and B* basal ly, hut this soon 
breaks up into spots, and disappears in the joints or in lines across the 
segments at their margins. There is no regularity of arrangement. 

The occurrence of serripinna at the Abrolhos is unexpected, as it has not 
been hitherto recorded from Australia, but Mr. A. H. (lark considers this 
specimen undoubtedly Carpenter's species and not O. car pent cvi Bell, which 
has been recorded from northern Australia several times. (A. J. 1).) 


ASTESOIDEA. 

ASTUOPECTEN FHKI8SII. 

Muller & Trosrkel, 1*43, Arch. f. Nnturg., jhrg. ix. 1, p. 119. 

There are three Astropectens, dredged off Fremantle, which seem to be 
undoubtedly this species. They have lost all indication of their original 
colour and are now dingy light-brown. The smallest has K = 30, r = 6, and 
br as G f> mm.; thus li = 5 r. Snperomarginal plates all unarmed. Infero- 
marginals with a single wide, flat, pointed marginal spine, below which are 
two very much smaller and more slender spines, of which the adoral is 
smaller ; about four somewhat smaller spines form a longitudinal, well- 
spaced series on the ventral surface of the plate. A second specimen has 
R ss 70, r = 10, and hr = 13 mm. ; hence R = 7 r. On one arm three of the 
distal superomarginals bear small but distinct spinelcts. The armature of 
the inferomarginals is essentially as in the young individual, hut the marginal 
spines and those below are markedly heavier. The third specimen lias 
It 120, r as 15, and br = 17 mm. ; hence R = 8 r. There are no supero- 
marginal spinelcts, and the inferomarginal armature is also quite typical. 

Luiuia maoulata australijs. 

Luidia austmlice Ddderlein, 1920, * Siboga ’ Ast. pt. ii. Luidia, p. 206. 

An adult specimen, taken near Fremantle, has the usnul seven rays, and 
the measurements are R as 225, r = 29, and br = 31 mm. The distal 
paaillse are characteristically large, and there arc some pedicellariae on the 

17* 



236 


MR. H. L. CLARK ON SOME 


lateral paxillae near tlie arm-bases. The arms are rather wide near the tip, 
not tapering so much as in some Chinese specimens. Although I have not 
seen any really intermediate specimens, I think the Australian form is more 
probably a local subspecies than a distinct species. Doderlcin himself 
suggests that it should perhaps be considered “nur als eine Lokalform/’ 
Material from the northern coast of Australia and the southern East Indies 
is essential for a proper solution of the problem. 

Nectiua macrobrachia *, sp. nov. (PI. 13. fig3. 5, 6.) 

Diagnosis : Disk small ; arms relatively long and cylindrical. Granulation 
of abactinal plates, near tips of rays, coarse, crowded, and prismatic; 
actinal granulation noticeably prismatic. Abactinal plates of disk and arm- 
bases less paxilliform and more crowded than in the other members of tho 
genus. 

Description of holotype : Kays 5. K=60mm. ; r = 17 mm.; R = 3*5r. 

Br=16 mm. Br at middle of ray = 10 mm. ; at tip, 6 mm. Disk relatively 
small, only a little elevated ; arms relatively narrow, for the genus, some- 
what flattened basally, but nearly cylindrical or terato for the distal half. 
Abactinal plates on disk and on basal two-thirds or more of rays, large, low, 
flat, more or less irregularly hexagonal with rounded corners, w r ell spaced 
but not widely separated, of dissimilar size ; they are connected with each 
other by heavy radiating ossicles, in the spaces between which arise papulae 
in groups of 4-14. Each plate is covered by a coat of low, moie or less 
convex, polygonal granules ; there are about 40-50 on a plate 2-2*5 mm. in 
diameter, besides a marginal series of about 25 distinctly larger granules. 
The marginal series of adjacent plates are in close contact even on disk, 
except here and there at the angles. Distal part of guys covered by similar 
but coarser granules, quite closely crowded and without indication of 
marginal series. Madreporite small, about 2 mm. across, situated half-way 
between centre and margin of disk. 

Supermarginal plates about 25, very similar to the abactinal plates in 
covering and appearance ; interradial ones much higher than long ; distall y 
and especially close to tip of ray, the superomarginals are so closely crowded 
against each other, the abactinal plates, and tho inferonmrginals that they 
can be distinguished only imperfectly. Inferomarginals about 27, but distal 
ones very difficult to make out. The whole distal end of the ray is so closely 
covered with coarse unequal granules that plate limits cannot be distin- 
guished. Intermarginal, and even inframarginal, papillae are evident near 
base of ray. 

* /lacjootslong-f-^ax^rsarixi, in reference to the characteristically long and relatively 
Blender arms. ' 
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Actinolateral areas small ; along the mid-interradial linos there are about 
six series of actinolateral plates, but the outermost consists of only one or two 
plates, the next two are little longer, the next is perhaps 10 mm. long, the 
second series does not quite reach the middle of the ray and the first extends 
far oxlt, almost to the tip of the ray ; all these plates are covered by cour.-o 
prismatic granules, much coarser than those of the ahactinal surface ; the 
largest and most prismatic granules are nearest the oral plates. 

Adambulacral plates more than 50, the distalmost hard to distinguish ; 
they form a slight undulating margin to the furrow ; each plate carries 
3 furrow spines (distal] y only 2), which are subequal, not notably prismatic, 
blunt, and slightly thicker at tip than at base ; distallv, as a rule, the 
adorul is the smaller of the two; near the base of the arm the spinelets are 
about 2 mm. long, and *50-'70 nun. thick at tip. On the surface of each 
adambulacral plate are 3-5 very short, thick, and prismatic spines; the two 
largest of these adjoin the furrow spines, while the remaining 1-3 are near 
and resemble the prismatic granules on the first series of actinolaterals. 
Oral plates not conspicuous or peculiar ; even the oral spines are no larger 
than those on the adjoining adambulacral#. No pedicellarhe were seen 
anywhere. 

Colour light yellowish-grey. 

There are two specimens of this interesting new AVfrw, collected along 
the shore in the 44 Pelsart group M ; one label says 41 Pelsart Island.” The 
interbranebial septa are calcified, and the general appearance is so much like 
JS'ectrta that there cau be little question of the generic position. And yet the 
ahactinal plates are much less paxilliform, and are much more crowded on 
the disk and arm-bases than in the other members of the genus. The disk 
is also very distinctly smaller, and the arms are narrower at base, wider at 
tip, and more nearly cylindrical than in cither A 7 , wvllata or A\ ocelli/era . 
The granulation of the actinal plates, especially at the base of the arms, is 
noticeably prismatic in A T . macrobmchia , and that of the ahactinal plates at 
the fc tips of the rays is coarse, crowded, and prismatic ; these differences in 
granulation, which seem trivial w T hen put into words, are very conspicuous 
when specimens are compared. 

The paratype of -Y. maerobrachia is a badly injured individual, much 
smaller than the one described. There are but three rays ; two, side by side, 
seem to have been bitten off very close to the disk, apparently at different 
times, as they show different degrees of healing. The rays present are 
strongly curved and contracted, but apparently R=42 mm, and r= 11, so 
that R is almost 4 r. The granulation and colour are exactly the same as in 
the holotype. The armature of the adambulacral plates is also similar, but 
the number of furrow spines is not reduced to two until almost the very tip 
of the arm is reached. 
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Pentagonaster STIBABUS. 

H. L. Clark, 1914, Rec. Austral. Mus. i. p. 136. 

Two little pentagonal sea-stars from Pelsart Island appear to be the young 
of this species. The smaller is 17 mm. across, R®9 mm., and has 73 flat 
abactinal plates besides the madreporite, 4 superomarginals on each side, 
and a terminal plate on each ray, 99 plates altogether abactinally. The 
distal marginal plate on each side of each ray is the larger, bat is not 
conspicuously enlarged. Orally there are 4 inferomarginals on each side, 
and the distal ones on each ray are noticeably larger than the proximal* 
There are 12 (on 2) or 13 (on 3) plates on each of the interradial areas, and 
there are 17 adambulacral plates on eacli furrow margin. The other 
specimen is a trifle larger (18*5 mm. across), but, has only 55 flat abactinal 
plates besides the 20 marginals, 5 terminals, and madreporite, 81 plates 
altogether on the dorsal side. On the ventral surface there are 14 (in 
one area 15) plates in each interradial area. A lew pedieellarine occur 
on the abactinal surface o£ each specimen, but there are none on the oral 
surface. 

That these little sea-stars are really the yoang of slibarus seems clear as a 
result of comparing them with the young of P, dubeni The latter have the 
abactinal plates swollen* -the rays longer and narrower, and, at least in some 
cases, actinal pediccllaria? are present. 

At Wooded Island a larger specimen of P. stibarus was taken, 27 mm. 
across, 11=15 mm. There are only 4 marginal plates still in each series, on 
each side of the distinctly pentagonal sea-star ; the distal plate is distinctly 
the larger in every case. In a specimen of P. dubeni of the same size there 
are 40 superomarginals and 50 inferomarginals, 8 and 10 respectively on each 
side of the animal, which is not, however, at all pentagonal, since It is 
15 mm. and r only 8 mm. 

Stellasteh incel 

Gray, 1847, Proc. Zool. Soc. London, pt. xv. p. 76. 

Two specimens of this well-known sea-star were dredged off Long Island* 
The larger specimen has It = 90 mm. and the smaller 80 mm. There are 
2-4 low, blunt spine-like tubercles on the carinal line, on the disk at the 
base of each arm. The number and arrangement of the inferomarginol 
spines show great diversity ; whereas tlie number of inferomarginal plates 
is about 17 in each series, the number of spines ranges from 3 to 11. 
The present specimens have lost all colour. 

AnTHENEA AUSTRALIA. 

Ddderlein, 1916, Jahrb. Nassau. Ver, f, Naturk. Wiesbaden, Ixviii. p, 62. 

Two Antbeneas may well be referred to this species. The genus is a 
perplexing one, and Doderlein's revision of it is a very admirable pieee of 
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work. His recognition of this species seems to be amply justified. The 
smaller of the two specimens at hand has R=33 mm. and r=15, while 
the larger has the measurements 65 and 30 inm. respectively. Even the 
latter is only three-fourths as large as Dbderlein’s type. According to the 
label the smaller specimen was “ dredged between Hat and Pelsart Group/ 5 
It differs from the larger in the paucity of granules and pedicellarise on 
the abactinal surface, which is nearly smooth. Even the snperomarginal 
plates have very small groups of granules, especially near the interradius. 
At the base of each arm, on the carinal line, 7 mm. from centre of disk, 
is a low but conspicuous tubercle. There are two smaller tubercles near 
the anus. Similar tubercles can be seen in the larger specimen, but as 
they have not increased in sire with the growth of the sea-star, they are 
no longer conspicuous among the numerous granules and pedicellariaj with 
which the abactinal surface is covered. This larger specimen was dredged 
off Fremantle. Its colour (dry) is brown-olive, with granules, tubercles, and 
pedicellariie nearly white or at least very light brownish and the madre- 
porite chocolate-brown ; on the oral surface the granules and pedicellariaj 
are so numerous and crowded that the general effeetr is much lighter than 
dorsally. The smaller specimen is grey-brown above and light yellowish- 
brown below. The larger specimen is very similar to specimens of 
A. pentacfomda of the same size, but it is evidently stili immature. 

AXTHEXEA GLORIUERA. 

Dbderlein, 1915, Jahib. Nassau. Ver. f. Nat urk. Wiesbaden, lxi iii. p. £0. 

A very fine Antheiiea, taken by “shore-collecting, Wallaby (-5 roup," is 
undoubtedly to be referred to this well-marked species. It is larger than 
Dbderlein’s type, in which It = 59 and r = 30 mm., for H = 70 and 
r=34 mm. The radial series of tubercles is nearly wanting, though the 
5 primary ones are evident. Large dorsal pedicel Inria? are numerous and 
conspicuous. The tubercles on the marginal plates are smaller than in 
Doderlein's type. The dorsal surface is dark purple-brown, with tubercles, 
pedicellariaj, and madreporite conspicuously light-coloured in contrast : the 
oral surface is wood-brown, the tubercles, spiiudets, and pedicellariie much 
lighter, 

Fromia andamanensls. 

Koehler, 1909 , 1 Investigator * Ast, p. 105. 

Six specimens of a Fromia have been a source of great perplexity in the 
study of the Abrolhos sea-stars, but I have failed to find any satisfactory 
reason for not referring them to andaimmends . The unique holotype of 
that species is from the Andaman Islands, without more definite locality, 
and while it is recorded as from “ 238-290 fathoms,” T think there is 
undoubtedly a mistake about the depth. Certainly the specimens from the 
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Abrolhos are typical littoral sea-stars. Nono is exactly like Koehler’s 
figure of F. andamanenm , but the one most like it is only a trifle larger 
and has the rays just a little bit more slender. The abactinal plating is 
very much as Koehler shows it, but the rays are not so flattened. This 
specimen was taken at Pelsart Island, and no two of the rays are the same 
length. The longest has It = 32 mm., the shortest only 17. The colour is 
very light, almost a dirty whitish (dry). A specimen o£ about the same 
size from ‘'Wallaby Group. Shore 5 ' is brown in colour, and the abactinal 
plates are no more numerous than in the Pelsart specimen. At the base of 
the ray one can count six or perhaps seven longitudinal series of these 
plates. A larger specimen from the Wallaby station has K = 35 mm., and 
there are nine or ten series of abactinal plates, which are noticeably smaller 
and of more uniform size than in the other specimen. In this larger 
specimen the rays are nearly equal, only one being noticeably shorter than 
the others, and they are distinctly terete and not flattened, the height at 
the base being 9 mm. and the width 11. The colour is brown us in the 
smaller specimen. Shore-collecting at Long Island yielded an individual 
very much like those from the Wallaby Group with li = 3f> mm., but having 
the rays a trifle more flattened (11*5 X 8*5 min.). Dredging off Long 
Island yielded a slightly larger specimen, in which the longest J{ = 40 mm., 
but br = 10 mm. and height of arm at base about 8 nun. This specimen 
is also much lighter coloured, nearly white. Finally, from the reef-flat at 
Pelsart Isle is a much larger Fromia , with K = 54 inm., hr = 12, and 
height of arm' at base only 7 nnn. ? of a pale brow n colour and having 10 or 
11 longitudinal series of abactinal plates. The disconcerting feature of this 
specimen is that many of the adanibulacral plates on the basal half of 
the rays have three furrow spines. Thus the flatness of the rays and the 
adambulacral armature approach closely to F. millrporella . On the other 
hand, the large number of series of abactinal plates and the more slender 
rays give this large Fromia a different facies from ordinary F. milleporella , 
and taken in connection with the presence of only tw r o furrow spines on 
most of the plates, warrant us in considering F, andamenensis as a distinct 
species. Information regarding the colour in life would perhaps be decisive, 
but the labels with the present specimens are blank on tliut point. 

Fromia elegans. 

II. L. Clark, 1921, Echinoderm Fauna of Torres Strait, p. 43. 

There are two Fromias in the collection which are labelled “ Colour— 
Brown dark. Locality — 1st Island. Dredge.” The smaller has all the rays 
broken ; it resembles the small specimen of F. andamanenm from Pelsart 
Isle, but the abactinal plates are noticeably larger. The other specimen h 
perfect and has R *■ 40 mm., r and br = 10 mm. The disk and rays are 
quite flat, the height of the arms at base being only about 6-7 mm* 
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I cannot find a single reliable character by which to separate this specimen 
from F. elegans , yet the almctinal plates are not so large or well defined 
as in that species. The coloration is now pale brownish, but in life it 
must have been very similar to that of F. elegans, if we may trust the 
label. On tho whole it seems better to refer these two specimens from 
“ 1st Island” to F. clegans than to include them under the name 
F. andamanensh. 

BUNASTEU LITHOIJES. 

W. K. Fisher, 1917, Proc. Biol. Soc. Wash. xxx. p. 91. 

There are four little ophidiastcrids in the collections, two from Pelsart 
Island and two from Wooded Island, which undoubtedly belong to the 
genus Bunaster . They are certainly not B. riUeri , for pediccllarho are 
present and there are no “ball and socket" plates, and they are not 
_/>\ unisf'rittlis , as comparison with the holotvpe of that species shows. 
After very prolonged study it seems best to consider them as young 
]i, lithoda in the holotvpe of which species 11 = 22 mm. In nono of the 
Abrolhos specimen?* does 11 exceed 10 nun. The most noticeable resemblance 
between these specimens and B. liihodrs is seen in the finely shagreen-like 
covering (aside from the abactinal plates) of the upper half of the animal ; 
in B . uniserialis the spuce between the almctinal plates is occupied by a 
coarse granulation, as it is in B. ritteri also. In two points the Abrolhos 
specimens are unlike B . lithodcs ; tho subambulacrul spines are very little 
longer than broad, and it is hard to sec more than a single row of actino- 
lateral plates even at the base of the arm. These two points may be 
dependent, however, upon maturity, and the characters are certainly liable 
to growth-changes. In view, then, of the obvious immaturity of these little 
Bunasters, I think they may well be referred to Ji . lilhodes . 

The two specimens from Pelsart Island have K = d or 9 mm. They are 
shell-pink, faintly variegated with whitish and decidedly lighter below than 
above. One of the Wooded Island specimens has R = 9 mm., and tho rays 
are distinctly more slender than in the others. Its colour is also a very 
much darker pink. The fourth specimen has K «= 10 mm.; the rays are 
stout and the pink colour has been entirely bleached. 

Pktricia obksa *, sp. nov. (PI, 13 . figs. 1, 2.) 

Diagnosis : Kays wide, rounded at tip. Almctinal skeleton concealed by 
the very thick skin with which it is covered. No tubercles, spinelets, or even 
granules on distal marginal plates. 

Description of holotype : Rays 5. It = G5 mm. ; r = 30 mm. ; K =* 2*17 r. 
Br * 32 mm, Br at middle of ray as 24 mm. ; at 5 mm. from tip, 15 mm. 
Disk large, only slightly elevated ; arms wide, slightly arched, very blunt 

* Obesus a fiit, in reference to the wide, blunt rays and the thick skin. 
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and rounded at tip* Abactinal skeleton almost completely hidden, even 
in the thoroughly dry specimens, by the very thick skin which covers the 
whole animal. Papulss numerous, in large irregularly-defined and more or 
less coalescent groups, absent only from the terminal fifth of the rays. 
Anus well marked by the fine calcareous papillae which surround it, nearly 
central in position. Madreporite 10 nim. from anus, small (2 mm* 
across) but distinct. Interradial pcdicellarise huge and very conspicuous, 
the valves 4-5 mm. long. No other pcdicellarise are present. 

Marginal plates almost completely concealed by the thick skin ; the infero- 
marginals appear to be larger than those of the upper series, and are larger 
distally than interradially 5 thcro are about a dozen in each series. They 
bear no spinelets, nor is the surface at all rough or shagreen-like. Inter- 
radial areas covered by thick, smooth skin, through which one can distin- 
guish some actinolateral plates, of which the series adjoining the furrow 
reaches to about the middle of the arm. Adumbulacral plates about 50 on 
each side of the furrow ,• each plate carries two (rarely three and even more 
rarely only one) spines, 2-2‘5 mm. long, shaped like a bowling-pin, blunt, 
aud even a little capitate at the tip. These spines are connected clear 
to their tips by a fleshy fold of skin. Outside this fold is the series of 
subambulacral spines, which are stouter than the furrow spines and are 
buried nearly to their tips in skin, though in the distal part of the ray they 
are more free. On some plates at the base of the arms there are twa 
subambulacral spines, but as a rule there is a single one on each plate. 
Oral plates are not distinguishable, but they carry five, rarely six, spines 
on each side of the jaw, the most proximal largest, about 3 mm. long. On the 
surface of the jaw are four short, thick spinelets, two on each side, one 
proximal, one distal, buried in skin, and very similar to the subambulacral 
spines. Colour (dry) dull chocolate, of somewhat varied hues, the darker 
with a purplish cast ; adambulacral spines and jaws of interradial podicellarim, 
nearly white. 

There are two specimens of this remarkable sea-star from Pelsart Island, 
but they differ so much from each other in colour that it is hard to believe 
they are of the same species. Unfortunately the labels say nothing as to 
the colour in life, so we do *not know how much of the present difference 
may be artificial. The paratype is dull greeuish-yellow ; everywhere the 
outer surface layer of skin has cracked, permitting the deeper layer, which 
is nearly white, to show through. This is particularly marked on the 
aotinal interradial areas. The interradial pedicellariee are smaller aud 
much less conspicuous in the paratype, but there are no other differences 
worth noting. The size is essentially the same. 

The occurrence of Petricia on the western side of the continent is very 
interesting, but the Abrolhos species is very different from P. vemicina, the 
species which occurs at Port Jackson and along the southern coast. The 
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chief points of distinction are the wider and terminally rounded rays, 
the thick skin which conceals the skeletal plates and is not at all smooth and 
shiny when dry (the feature from which P. vernicina gets its appropriate 
name), and the absence of tubercles, spinelets, or even granules on the distal 
marginal plates, in P. obesa. The West Australian species seems to be 
somewhat larger than the one from the east coast, the largest specimens of 
which have It =50-60 mm. 

Asterina rurtonii. 

Gray, 1840, Ann. Mag. Nat. Hist. vi. p. 289. 

There are half a dozen very typical specimens of this little sea-star, one 
dredged off Long Island and the other from Wooded Island. The largest 
has li=26 mm. None of the specimens has retained any of its natural 
colour. The discovery of this species at the Abrolhos extends its known 
range very far to the south on the Australian coast. 

Asterina ounnii. 

Gray, 1840, Ann. Mag. Nat. Hist. vi. p. 289. 

There is a badly damaged small specimen (R=27 mm.) of this southern 
species in the collection, but it is not from the Abrolhos. It was dredged off 
Garden Island near Fremantle, which is probably about the northern limit 
of the species on the western coast. 

Parastehina crass a Fisher. (PI. 13. figs. 3, 4.) 

Patina (?) crassif Gray, 1847, Proc. Zool. Soc. London, p. 83. 

Par antenna cratm Fitthwr, 1908, Smithson. Mine. Coll. lii. p. W. 

A sea-star dredged off Fremantle is apparently to be referred to this 
species, as it answers well to Perrier’* (1875, Arch. Zool. Exp. v. p. 142) 
rather detailed description except for its much larger size. Gray makes no 
reference to the size of his specimen, but Perrier says d=10 nun.*' From 
the context one would infer that d meant the distance from tip to tip of 
alternate rays — that, is, the diameter of the entire animal ; but in that case the 
specimens in the British Museum arc tiny indeed, and it seems incredible 
that the description given could apply to so small an individual. 1 f J refers to 
the diameter of the disk, then Perrier's specimen was only about half as large 
as the one in hand. Possibly the 10 is a misprint for 100, but in that ease 
the present specimen is much smaller than those in the British Museum. 
Perrier refers several times to resemblances to Pentanogaster. These led me 
for a time to feel sure that my specimen could not be’P. crussa, as l soc 
nothing in which it is the least like Pent<xgonastev> save possibly the adam- 
bulacral armature, where a slight resemblance might be imagined. 

The present specimen has 11 = 36 mm. and r=9, aud B is therefore equal 
to 4r ; Perrier says B=3f r, a difference easily understood if his specimen 
had r only 5 mm/ Perrier says that the largo ossicles in the dorsal skeletou 
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are more numerous than the small ones, and then says the papulae are 
surrounded by the small ones, which certainly implies a considerable number 
of the lattor. In the present specimen, near the base of the arm there are 
about five small plates to each one of the large ones. At the tips of the 
rays, however, the large plates become more numerous. All plates, both on 
the dorsal and oral surfaces of the sea-star, are closely covered with cylin- 
drical spinelots like those occurring in Asterina. Dorsally the spihelets end 
in 2-4, usually 3, glassy points of which one is larger than the other ; ven- 
trally there are more glassy points on each spinelet, and they are subequal. 
Even on the ventral plates, I cannot see that those crowded spinelots resemble 
a “ granulation ” as Perrier says. Gray says the colour of his dry specimen 
was pale yellow, and the one before me might be called dirty yellow. 
Perrier says that some of those in the British Museum wero “ encore varies 
do jaune ot de blanc,” but immediately states that the spines on the largo 
ossicles were “bleus” ; probably either “blanc'’ or “blows** is a typo- 
graphical error. 

COSCINASTERIAS CAL A MARIA. 

Asterias calamaria Gray, 1840, Aun. Mag. Nat. Hist. vi. p. 170. 

Coscinastenas calamaria Perrier, 1894, * Travailleur ’ et i Talinman ’ Stell. p. 106. 

A sea-star dredged near Fremantle is the only representative in the col- 
lection of this characteristic species of southern Australia. It is a small 
specimen in poor condition, only three arms remaining attached to the disk, 
which is but 10 mm. across. The rays are about 55 mm. long, and there 
evidently were eleven of them originally. 

Uniophora dysciuta *, sp. nov. 

Diagnosis : Disk moderate, little elevated; arms short, wide, and little 
arched. Inferomarginal, actinal, and adambulacral spines flattened, chisel- 
like at tip. No intermarginal plates. No shagreen-like areas on stipero- 
marginal plates. Abactinal spinelets of two kinds, blunt cylindrical and 
capitate conical. 

Description of holotype : Rays 5. R = 55mm.; rsl3iuin. ; ll=4r + . 
Br=15 mm. Br at middle of ray, 13 nun. ; at 5 mm. from tip, 7 mm. 
Disk moderate, little elevated ; arms wide and little arched. The specimen 
is dry and flattened, and it is hard to tell how much elevated and arched the 
upper surface may have been in life. Abactinal skeleton of rather heavy 
plates forming an irregular and very open network, the meshes of which are 
four distinct series only at the base of the arm ; at the middle of the arm 
the lateral series are still evident, but the median series are quite replaced 
by irregularly-arranged meshes 3-5 mm. across, more or less occupied, at 
least at centre, by papulaa. Basally there are 4- 12 papulae in the mesh-areas. 

* bvtrKpiTogat hard to determine, in reference to the difficulty of distinguishing the species 
of Uniophora. 
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Marginal plates very distinct, the upper series forming a very evident boun- 
dary to the abactinal surface of the arm. Intermarginal papulae numerous. 
At the base of each arm a carinal series of plates is evident and one lateral 
series on each side, but on most of the abactinal surface of each arm, as wtdl 
as on the disk, there is no definite arrangement of the plates evident. Most 
of the abactinal and supermarginal plates carry spinel ets and minute pedi- 
cellarire. The latter are scattered and not very numerous. The spinelets are 
of two sorts: nearly cylindrical very blunt ones about. *50-* 7 5 mm. long and 
the diameter one-third to one-half as much ; and stout, markedly conically 
capitate spinelets 1-1*5 mm. long and about one millimetre in diameter ; on 
the marginal plates these heavy spinelets are conical rather than capitate. 
There is never more than one of the stout spinelet* on a plate, but one finds on 
each side of it, usually, 1-3 of the more slender little spinelets ; occasionally 
the stout spinelct is solitary. On the more conspicuous abactinal plates the 
spinelets form transverse series, sometimes without any large one at the middle. 
Madreporite 2 or 3 mm. from the disk margin, small, scarcely 2 nun. in 
diameter, elevated and surrounded by a circlet of 15-20 small spinelets. 

Infcromarginal plates about 28, each with a stout spine, rarely accom- 
panied by a single much smaller one ; distall y the spines are low, blunt, 
conically, but proximally they are flattened and the tips are chisel-like, or 
deeply channelled on the upper side, or divided into 2 or 3 very short 
branches. Those proximal spines are about 2 nun. long with the tip a 
millimetre or more wide. Actinolateral spines in two series continuing 
nearly to tip of ray ; at base of arm there seem to be two series of actino- 
lateral plates, but it is hard to determine how far out on the arm they are 
continued ; the spines are similar to those on the inferoniarginal plates, but 
are smaller; there is seldom more than one to a plate. Adambulacral spines 
about 2 mm. long, flat, blunt, and rounded, or a little widened at tip, in two 
regular crowded series ; the spines of the outer series are only a little, if 
any, larger than those next the furrow. Oral plates, each with throe spines 
of which the distal is smallest and most like the adambulacral spines, while 
the most proximal is 3 mm. or more long and very flat and chisel-like. 
Tube-feet crowded, in four series. Pedicellarim are very few on the actinal 
surface; here and there are scattered minute forcipiform pedicellariae, and 
near the base of the ray careful search reveals a few small forficiform pedi- 
cellarise, with short, erect jaws and no stalk ; they are about as wide as long. 

Colour, of dry specimen, dull yellowish-grey. 

One specimen dredged at Garden Island, near Fremantle. 

In view of the confusion already existing in the genus Uniophora , it may 
seem of doubtful utility to describe a new species based on a single speci- 
men, but after examining a considerable number of Uniopboras from South 
Australia, representing at least two species and perhaps more, I am satisfied 
thut this West Australian form is at least distinct from any of those hitherto 
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described. It is particularly characterised by very flat chisel-like infero- 
marginal, actinal, and adumbulacral spines, but another feature in which it 
differs from South Australian specimens is the absence of shagreen-like 
pebbled” areas on the lower part of the superomarginal plates. These are 
-quite conspicuous in most of the specimens from South Australia, but can 
barely be distinguished on one or two plates of the specimen from Garden 
Island. It should also be mentioned that the present specimen does not 
seem to have any intermarginal plates, such as occur in some Uniophorse. 
None of the South Australian specimens have the grey colour of U. dyscrita , 
but, owing to the poor condition of the type, this may be of no significance 
at all. 


OPHIUBOIDEA. 

Ehryale aspeua. 

Lamarck, 1816, Anim. s. Vert. ii. p. 538. 

A single specimen of this u basket-fish,” 20 mm. across the disk, is labelled 
as having been brought from Broome. It is very light-coloured, possibly 
somewhat bleached, but is otherwise in good condition. The species was 
previously known from north-western Australia only from two young speci- 
mens taken by the 4 Gazelle.’ 

OPIIIACTIS SAVIGNYl. 

Ophiofcpi* aavignyi Muller & Troschel, 1842, Syst. Ast. p. 95. 

Oph tacit s samgnyi Ljungman, 1807, Ofr. Kong. Vet.-Akad. Fork. xxiii. p. 323. 

A single spocimen of this tropicopolitan species is in the collection from 
Wooded Island. It has six arms and the disk is 3 min. across. 

Opiiiothuix miuhaelseni. 

Koehler, 1907, Fauna Siidwest^Australiens: Ophinroidea, i. p. 250. 

While I do not feel at all sure of the validity of this species, since the 
section of the genus to w'hich it belongs is in very great confusion, there is 
a specimen of Ophiothrix at hand, taken at Garden Island near Fremantle, 
which is almost certainly identical with Koehler’s specimens and may well 
bear their name until the group is revised. It is 13 mm. across the disk, and 
although the arms are all broken, enough is left (65-115 n.m.) to show that 
they are very long. The disk is grey, the arm-spines pale brown, and the 
-upper side of the arms is indistinctly banded iv ith dark and light slate-colour ; 
there is a narrow, more or less interrupted, light line along the middle of the 
-upper-artn surface. 

Ophiothrix spongicola. 

Stimpson, 1855, Proc. Acad. Nat. Sci. Philad. vii. p. 385. 

This is one of the few characteristic species of the southern coasts of 
.Australia which occur at the Abrolhos. In the present collection there are 
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three specimens from “ Garden Island, near Fremantle ; dredged,” one from 
“off Fremantle,” one from “ Wooded Isle/' and four from “Long Island.” 
None of the specimens is large, the disk diameters ranging from 4 to 
$ mm. 

OPHIOTHRIX STKLL1GERA. 

Lyman, 1874, Bull. M. C. Z. iii. p. 237. 

A single small specimen, from Garden Island, near Fremantle, has the disk 
only 3 mm. across and the arms about 20 mm. long. Seven larger specimens, 
from “ off Long Island,” have the disk 3^-7 mm. across. Of these Abrolhos 
specimens, four show spinelets among the thorny stumps on the disk. All 
the specimens are much alike in their indistinctive, light greyish- or reddish- 
brown coloration, and show the white stripe on the upper surface of the arms. 
In the largest specimen a curious anomaly occurs in that on the proximal 
part of the arm the white stripe is black. Distally there is a white stripe 
delimited by a black line oil each side, but as this passes towards the base of 
the arm, the black encroaches more and more on the white, and finally 
obliterates it altogether, the two black liues coalescing. Were the arms 
broken off near the base, it would be hard to believe that the brittle-star was 
really an example of steUhjerd* 

Ophtoxeheis pokrkcta. * 

Lyman, 1800. Pri»c. Boston Soc. Nat. Hist. \ii. p. 200. 

Tho occurrence of this species in the Abrolhos is most interesting, as it 
does not seem to he common anywhere in the East Indies and i* not yet 
known from the mainland coast of Australia, although it is not rare at the 
Murray Islands, in the Torres Strait region. There are five specimen* at 
hand from Wooded Island and two from Pelsart. One of t[ic latter is only 
4 mm. across the disk and has the arms about 20 mm. long. The disk is 
nearly pure white, save for the dark brown distal tips of the radial shields. 
Tho other half dozen specimens are 8-12 nun. across the disk. 

Ophiocoma brevipks var. vahiegata. 

OpkitKoma varieyata K A. Smith, 1870, Ann. Mnpr. Nat. IIi>t. (4) xviii. p. 39. 
Ophiocoma brevipes var. varieyata 11. L. Clark, 1921, Echinoderma of Torres Strait, 
p. 130. 

It is rather remarkable that this widespread and variable Ophiocoma 
should be the only representative of the family taken at the Abrolhos. It 
was found both at Wooded Island (8 specimens) and at Long Island, Pelsart 
Group (4 specimens). The specimens range in disk-diameter from 12 to 
29 mm. All are evidently to be referred to the variety variegata , hut two 
have the black-spotted disk of the form that has been called O. doderleini and 
two have the reticulated disk of the so-called O. denlata . None is like 
<0. insularia or the typical 0. brevipes. 
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Ophioplocus IMBRIUATUS. 

Ophiolepis imbrivata Muller & Troscliel, 1842, Syst. Aat. p. 98. 

Ophioplocm imbricates Lyman, 1861, Proc. Boston Soc. Nat. Hist. viii. p. 78, footnote* 

There are two adults, light-coloured specimens oE this species in the 
collection, taken on the reef at Long Island, Pelsart Group. 

ECHINOIDEA. 

Prionocidaris baculosa var. annitlifera. 

Cidante s annulifera Lamarck, 1810, Anim. a. Vert. iii. p. 57. 

Prionocidaris baculosa var. annulifera Mortensen, 1918, Kungl. Svenska Vetensk. 

Handl. lviii. no. 9, p. 8. 

A very fine specimen of this handsome sea-urchin was dredged among the 
islands of the Wallaby Group. It is 49 mm. in horizontal diameter, and the 
largest primary spines, which are all more or less conspicuously banded with 
reddish-purple and greenish-yellow, are about 57 mm. long and 5 mm. in 
diameter near the base. The number and arrangement of the conspicuous 
red-purple spots on the collar of the primaries show great diversity. 

Prionocidaius bispinosa var. chinknsis. 

Pdderlein, 1903, Jena Denksehr. viii. p. 697. 

A small cidarid dredged off Long Island resembles so closely Doderlein’s 
description and figure that I refer it to this variety with little hesitation, even 
though the type-locality is so far distant from the Abrolhos. The specimen 
is 35 mm. in diameter. Most tff *the primary spines are broken or missing, 
but the unspotted red-brown collar is characteristic, and the distinctive 
thorns are well-developed on the upper spines. The longest ones, 33 nun. 
long, 2 mm. in*diaineter at the collar, cylindrical, and without thorns, are at 
the mid-zone. The secondary spines are brownish-red, those on the ambulacra 
being slightly darker than those on the interambulacra and with a purplish 
tinge. 

Ckntrechint:s savignyi. 

Diadema savignyi Michelin, 1845, Rev. Mag. Zool. p. 15. 

Centrechinus savignyi II. L. Clark, 1921, Echinoderm Fauna of Torres Strait, p. 145. 

A specimen 85 mm. in diameter was taken in the shore-collecting at 
Wooded Island. 

Gentrechin us setostts. 

Echinometra setosa Leake, 1778, Add. ad. Klein, p. 86. 

Centrechinus setostts Jackson, 1912, Phylugeny of Echini, p. 28. 

A specimen 80 mm. in diameter was taken during the shore-collecting in 
the Pelsart Group. The abactinal white spots are large and conspicuous, and 
easily distinguish the species from the preceding. 
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Cehtrostephanus tenuispinus. 

H. L, Clark, 1914, Rec, W. Austral. Mus. i. p. 102. 

There are three half-grown bat typical examples of this western species, 
one of which was taken in the lagoon at Pelsart Isle, while the other two 
were dredged off Long Island. 

Amblypnrubtes pallidus. 

Echinus pallidus Lamarck, 1816, Anim. s. Vert. iii. p. 48. 

Amblgpneustes pallidus Valenciennes, 1846, Voy. * Venus/ Zoophytes, pi. ii. fig. 1. 

A small Amblypneustes from Wooded Island, about 20 mm. in diameter 
and nearly 20 mm. high, is best referred to this species, although the diamond- 
shaped markings on the interambulacra are very faint. The test is faintly 
pink, the secondary and miliary spines dirty whitish, and the primaries are 
pale red. There are no spines on the anal system, and the taberculation of 
the test is that which is characteristic of A. pallidus. 

Salmacis virgulata alexandri. 

Salmaeu alexandri Hell, 1884, * Alert 9 Rep. p. 118. 

Salmacis virgulata alexandri Doderlein, 1914, Eeh. Slid weft. Aust. p. 454. 

This urchin has already been recorded from Geraldton and from Sharks 
Bay, so the occurrence of two huge specimens (74 and 79 mm. respectively 
in horizontal diameter) from the Abrolhos is not surprising. They were 
dredged off Long Island. One has a low ambitus and flat oval surface, though 
the test is fairly high, while the other has a lower test and the ambitus much 
nearer to the mid-zone. In the latter specimen the primary spines arc green, 
though the test is light purple, only the primaries near the peristome being 
somewhat purple near the base. In the larger specimen the primaries, as 
well as the test, are purple, but those below the ambitus are much longer and 
more brightly coloured than those above, and all are tipped with white. 

PSKUDOBOLBTIA INDIANA. 

Toxopncuste* indianus Micbelin, 1862, Ech. et Stel. : Annexe A, in Maillard's Notes 
sur Bourbon, p. 6. 

rsmdobolctia indiana A. Agassiz, 1872, Rev. Ech . pt. 1, p. 153. 

The occurrence of a Pseudoboletia on the western side of the Australian 
continent is a discovery of more than ordinary interest, as the genus has not 
hitherto been reported from Australia or the Torres Strait region. But 
the present specimen, 50 mm. in diameter, with a dirty white coloration 
lacking all indication of pink, is unmistakable. It was dredged off Long 
Island* 

Tbxpnefstes gratilla. 

Echinus gratilla Linud, 1758, Syst. Nat. ed. x. p. 664, 

Tripneuste* gratilla LovSn, 1887, Ech. Linn. p. 77. • 

Two specimens, 68 and 86 mm. in diameter, with dark test and white 
JUXMK. JOURN. — ZOOLOGY, VOL, XXXV. 18 
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spines, were taken at Pelsart Island, thus extending the known range of the 
species on the western side of Australia considerably to the south. On the 
mainland coast it is known only as far south as Sharks Bay. 

Heliooidaris erythrogramma. 

Echinus erythrogrammus Valenciennes, 1846, Voy. * Venue/ Zoophytes, pi. vii. fig. 1. 

Heliocidaris erythrogramma Agassiz & Desor, 1846, Ann. Sci. Nat. Zool. (8) vi. p. 371 

There are half a dozen specimens of this well-known species of the southern 
Australian coast, but all are young and the specific characters are not well 
marked. Three from the lagoon, Pelsart Group, 25-30 mm. in diameter and 
13-14 mm. high, have purplish tests and bronze-green spines ; the largest 
primaries are 15 mm. long, and not quite a millimetre in diameter at the base. 
There is little doubt that these are normal IL erythrogramma . There is a 
very similar specimen from East Wallaby Island. Two specimens from 
Wooded Island have a different appearance, and yet differ more from each 
other than either one does from the Pelsart specimens. One is about 28 mm. 
in diameter, scarcely 13 mm. high, and has the tubercles much more con- 
spicuous than in the others. The primary spines are purple, but the secon- 
daries show an evident bronze-green coloration. Most of the primaries are 
broken, but it is obvious that all were more or less stunted ; particularly all 
the spines above the ambitus are relatively short and thick and blunt. 
Apparently this specimen lived beneath a rock or among rocks where surf 
or tidal currents wefre strong. The other Wooded Island specimen has the 
test very light-coloured, with a green tinge abactinally, and the spines are 
green tinged with purple at the tip, at least orally. The largest primaries 
are 10-12 mm. long, with the diameter at base distinctly more than a 
millimetre. This individual looks like a different species from the others, and 
may be a young H. tuberculata , but it is highly improbable that that species 
occurs in the Abrolhos. Probably this little green specimen was collected 
on an eel-grass bottom in still water, such an environment as favours the 
green colour and the better-developed spines. 

Eohinometra mathaei. 

Echinus mathaei de Blainville, 1825, Diet. Sci. Nat. xxxvii. p. 94. 

Echinometra mathaei de Blainville, 1880, Diet. Sci. Nat. lx. p. 206. 

There is a specimen 47 mm. long, 41 mm. wide, and 26 mm. high from 
North Island, and the label says u Very common everywhere.” There are 
also two small specimens (15-17 mm. long) from “Long Island, shore.” 
The abactinal tube-feet of the large specimen contain large numbers of the 
triradiate spicules which Doderlein considers typical of his genus ^Mortensenia^ 
but I am not prepared tq admit that their presence is even a good specific 
character, and 1 think these specimens are more properly recorded as 
E. mathaei than as E. oblonga . But they are evidently identical with those 
which Doderlein (1914, Fauna Sfid west- Austral. Bd. iv. Lfg. 12, p, 487) 
identifies as Mortensenia oblonga 9 which were collected in Sharks Bay* 
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BREYN1A AUSTRALASIAS. 

Spat any us ausiralasice Leach, 1815, Zool. Misc. ii. p. 68. 

Breynia australasia Gray, 1855, Cat. Rec. Ech. pt. 1, p. 46. 

A single fine specimen from North ^Island shows that the characteristic 
species of Australia is not wanting at the Abrolhos. 

Echinocardium cordatum. 

Echinus cordatus Pennant, 1777, Brit. Zool. iv. p. 00. 

Echinocardium cordatus Gray, 1848, Brit. Rad. p. 6. 

Two specimens of this cosmopolitan species arc in the collection. They 
were dredged off Garden Island, near Fremantle. The larger is 32 mm. long, 
22 mm. wide, and 13 mm. high. 

EXPLANATION OF PLATE 13. 

Fig. 1. Petricia obe*a, sip. n., aboral view, Jjrds nat. size. 

2. „ „ oral view, „ „ 

6.- Parastemia crassa (Gray) Fisher, oral view, nat. size. 

4. „ „ aboral view, „ 

6. Xectria mocrvhrachia , sp. n., aboral view, Jths nat. size. 

6. „ oral view, „ „ 
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Courtship Activities in the Red-throated Diver ( Colymbus stellatus Pontopp.) ; 
together with a discussion of the Evolution of Courtship in Birds*. 
By Julian S. Huxley, M.A. (Communicated by Prof. E. S. Good- 
rich, M.A., F.R.S., Sec.L.S.) 

(Plates 14, 16, and 4 Text-figures.) 

[Read 2nd November, 1922.] 

The following paper is a continuation of previous work on the sexual 
relationships in species of birds in which both sexes possess bright colours 
and also exhibit similar sexual ceremonies. The reader is referred to papers 
on the Great Crested Grebe and on the Dabchick (Huxley, ’14 and ’19). 
It is unnecessary to recapitulate at any length, but certain general con- 
clusions may be stated. 

1. In most, possibly all monogamous birds, a pre-mating and post-mating 
period maybe distinguished. “Courtship” activities usually occur during 
both of these periods ; but the majority of the “ courtship ” actions which 
are to be found described in the literature occur in the post-mating period, 
and therefore cannot be operative in any true form of sexual selection as 
imagined by Darwin. So far as pre-mating ceremonies occur and are 
effective in the choice of mates, they can of course find place in a scheme of 
true sexual selection. 

2. In birds in which the sexes are quite or almost similar, and both 
adorned with bright colours or special plumes, or other structures, which are 
displayed or otherwise used in sexual ceremonies, both sexes play a quite or 
nearly similar role during “ courtship ” ; very often ceremonies occur in 
which both sexes simultaneously play a similar role ; for such ceremonies the 
term “ mutual m * is employed. 

3. These mutual ceremonies may be “ self-exhausting ” — that is, may end 
in the birds resuming the ordinary routine of life ; or they may be a means 
of raising the emotional tone as a direct or indirect excitant to coition. In 
the Grebe, where self-exhausting display ceremonies were the rule, special 
pre-coition ceremonies were found, in which attitudes resembling those 
employed at coition were adopted. 

4. An association of various of tho birds’ other activities with the sexual 
ceremonies was often observed. The “ handling ” of nest-material is fre- 
quently so associated, as has been noted by many previous observers ; but 
actions like those of preening or of shaking the head, although originally 
quite without sexual significance, may also bo used as part of the raw 
material of sexual ceremonies. 

* No. 21 of the Results of the Oxford University Expedition to Spitsbergen in 1921. 
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5. In many birds similar in the two sexes both male and female incubate. 
In many but not all such species the relieving o£ one bird by the other on 
the nest is the occasion for a special sexual ceremony, which in its turn may 
or may not be used at other times. This ceremony of nest-relief appears to 
be absent in the Grebe. 

With this brief introduction, we may pass to the observations on the lled- 
throated Diver. These were made while the writer was on the Oxford 
University Expedition to Spitsbergen, 1921. Most were made on Prince 
Charles Foreland, an island 60 miles long, off the west coast, on which a 
small party of us camped for 11 days, from June 30 to July 10. Numerous 
small freshwater pools are found here, as in many other places near the coast 
in Spitsbergen ; and on a great many of these, at any rate on the north- 
western and western coasts, Divers are to be found nesting. We were 
fortunate in being encamped on the shores of Richard Lagoon, a sheet of 
brackish water about a mile wide and 5 miles long, communicating with 
the sea by one narrow opening. This lagoon was the scene of much of the 
Divers* courtship, both pre- and post-mating, though especially the former. 
Much of the birds’ 1 feeding was done on the open sea : but for rest and court- 
ship the lagoon was chosen. Even after incubation had begun, the birds 
appeared to come down to the lagoon when not sitting ; it was the scene of 
veritable social gatherings of Divers, four or five being commonly on its waters 
together, and eight having been seen thero on one occasion. Sometimes they 
would fish, progressing by means of long dives, as does the Crested Grebe ; 
at other times they would stay quiet, resting or preening themselves. But 
during the period of our stay we never observed two or more Divers on the 
lagoon without some courtship action following within a comparatively short 
time. The male and female are similur in appearance ; the female is smaller 
than the ipale, although the wing and beak measurements of species overlap 
somewhat. However, the female appears to have a much less massive neck 
than 'the male, and a separation of the sexes can usually be made with 
reasonable probability. 

Description of Chief Courtship Actions . 

It will be best to begin with a description of the chief types of actions 
seen, following this with their probable interpretation. 

1. u Plesiosaur race.” This ceremony was so christened because the 
attitude adopted by the birds in its performance made them resemble miniature 
Plesiosaurs half out of water (fig. 1). Usually two or three birds took part 
in it, sometimes four. The birds depressed the hinder half of the body below 
the water ; the body was held at an angle so that the breast and shoulders 
were stuck out ; the neck was stuck upwards and ferwards in a stiff position* 
the head and beak inclined somewhat forward, again somewhat stiffly. In 
this attitude the birds swam through the water, accompanying one another* 
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Their passage through the water seemed to be accompanied by a good deal oE 
resistance, since a wave showed at their breasts. They would go for some 
distance in this way; then would often turn and continue the process in the 
opposite direction. The bird which had led intone direction, it seemed, might 
be replaced by another as leader after turning. The whole ceremony did not 
give the idea of a true pursuit, such as is seen among many birds* but more 
of a race, or of something still more ceremonial and formal. 

The most usual arrangement is for one bird to lead, the other one or two 
being half a length or less behind. Various modifications of the pose are 
seen. Sometimes the body is at a very low angle, the neck little arched, the 
head and bill almost horizontal ; at others the tail is more submerged, the 
breast more elevated, the neck much arched, and the head and bill pointed 
downwards ; it is in this pose that <he likeness to a Plesiosaur is most marked. 
Occasionally almost the whole of the body is submerged. As to the general 
appearance, I quote from my notes : — “There is a strange stream-line effect 
about the creatures. They must be paddling with great energy to keep up 


Fig. 1. 



Red-throated Diver : Plesiosaurus-race ceremony. 


the speed/ 1 “There is often a snaky look about them when in the semi- 
vertical attitude.” Altogether the effect as of tension, of emotional ritual, so 
familiar to all those who have watched birds during courtship, is marked. 

A still further modification of the pose is sometimes seen in what may be 
called the “wing Plesiosaur attitude.” In this the wings are stretched out 
nearly at right angles to the body, perhaps 2/l\ spread, the point inclined a 
little backwards, and somewhat drooped, so that the upper surface is plainly 
visible. This might be adopted by all the birds in a “race,” or by the 
“pursuer” alone in a “race' 1 of two birds only. The same attitudes and 
relative positions were maintained by one such pair of birds for over 
50 yards. 

Occasionally birds might be seen in a still more nearly vertical attitude. 
When this was so they did not progress fast. 

A peculiar note invariably accompanied this ceremony. I find it described 
in my notes as “a growl with a bubble in it” or a “rolling growl ” This is 
repeated a number of times, and appears to bo used just before or at. the 
beginning of the ceremony proper. This note did not seem to be used at any 
other time, except in the “snake-ceremony ” (see p. 257). 
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From the beginning we noticed that birds engaged in this and in other 
sexual ceremonies, or more often when under the influence of sexual excite- 
ment, but not actually engaged in a ceremony, often engaged in curious and 
apparently meaningless actions. The most frequent was the dipping of the 
beak in the water (fig. 2), often repeated several times within a few minutes 5 
a variation of this consisted in “looking into the water” — in other words, the 
submerging of the beak and fore-part of the head for some little time ; finally, 
shaking of the head was observed, though much more rarely than in the Grebe. 


Fig 2. 



Red-throated Diver: snake-ceremony. 

It became quite certain, as we continued our observation*, that these actions, 
or at least the two former, were definitely associated with sexual excitement. 
Like the head-shaking and “ habit-preening M of the Grebe (Huxley, *15), 
they appear to represent actions normally performed with some other 
function, or, if functionless, with non-sexuul associations, which have become, 
through some peculiarity ol the psychological ineclumwn, secondarily 
associated with sexual excitement, and used as physical expression of sexual 
emotion. This appears also to be the case with a special form of dive which 
1 call the “splash-dive.” In this, instead of submerging quietly, almost 


Fig. 3, 



lled-throated Diver : emergence ceremony. 


without a ripple, as is done when the birds arc diving for food or to escape 
danger, the bird gives a sharp kick with the leg*, as it goes under, sending a 
shower of spray into the air; furthermore, the dhe is fora very short distance, 
the bird emerging generally about 5 or 6 yards away. This, too, is associated 
with apparently all forms of sexual excitement, and otherwise is used only 
under the influence of the emotion of anger (see Van Oordt and Httxley, 
*22). Here we have apparently a norijal form of activity, which is used in a 
modified form when associated with sexual emotion. 
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2. A very remarkable ceremony, unfortunately only observed clearly on 
one or two occasions) was tho dive followed by vertical emergencei(figs. 3 & 4). 
In tbe best-observed case two birds out of a party of three were close 
together. Suddenly one — almost certainly a female — dived (with a splash). 
The other — almost certainly a male — immediately spread its wings and half 
flew, half sputtered along the surface of the water for 5 or 6 yards. The bird 
which had dived then came up out of the water close to the other, in an 
almost vertical position (fig. 3). The neck was held so as to continue the lino 
of the body ; the head bent down so that the bill made a small angle with the 
breast. The emergence was fairly slow. It stayed in this position for perhaps 
5 seconds, then settled down on the water. Here we have a ceremony which 
is extremely similar to one which I have described in the Crested Grebe, 
although not quite so elaborate. Its chief feature of interest is that, although 
both birds play active parts in it (the flying-off and waiting of the non-diving 
bird is an active part, which culminates in the Grebe with a special display), 
yet the parts are different. If we may judge from the Grebe, either part 


Fiq 4. 



Ited-throatcd Direr: another sketch of an emergence ceremony. 


may at different times be played by a bird of either sex. This is rendered 
more probable by the fact that the more active role on this occasion was 
apparently taken by a female. 

3. A ceremony in many ways resembling the Plesiosaurus race is also 
common, but apparently only among birds which have mated up. It is 
always accompanied by a cry which is the same as, or extremely similar to, 
the “ roll-growl ” already described. The two birds swim, one leading, for 
some distance with their necks arched so that the tip of the bill is submerged. 
The bill is also held open, in order to give the cry. The bodies, however, arc 
not submerged posteriorly, but kept in normal swimming position, and there 
is not a marked wave thrown off the breast, nor does motion appear to be at 
all violent. As in tbe Plesiosaur raee, the birds may turn, and the former 
leader become the second. This ceremony might be performed on the small 
nesting-pools or on tbe lagoon. Owing to the snaky look of the neck when 
in this attitude, I shall call this the snake-ceremony (fig. 2). 

There remain peculiar actions associated with coitiou ; these, however, may 
best be described later, in connection with the account of a particular pair. 
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Activities of a Particular Mated Pair . 

I will now proceed to describe in some detail the actions of one pair whicb 
I bad under close observation for a few days, since I believe that in this way 
a fuller insight is gained by the render (as it certainly is by the observer at 
the time) into the psychology of the birds. 

On a small tarn about a mile from camp a single Diver was observed on 
June 30. The tarn was then only partially thawed, and nest-building was 
out of the question* It would appear, however, that the birds had already 
“ staked out a claim” to this special nesting territory, as is known to be done 
by many if not all monogamous birds before actual nest-building begins (see 
E. Howard/*20). A single bird was again observed here on July 4 ; it was 
restless and remained on the tarn for a long time ; nest-building had almost 
certainly begun, as the event showed. On July 5 both birds of the pair 
were seen oil the tarn, and one visited the spot where the nest afterwards 
proved to be. It only stayed half a minute or less, and then returned to the 
water. The birds were continually giving a mewing call, very similar to 
that given by solitary birds on the water, or by sitting birds when man or a 
Skua threatens danger. Th6 call as given on this occasion, however, I record 
as “louder, longer, and more emotional than when given by a solitary bird.” 
Usually the two birds would howl almost, but not quite, simultaneously. 
There was certainly some sexual siguificanco attaching to this “duet- 
howling.” 

At one moment the typical u roll-growl ” was given. This I take as 
proof that a snake-ceremony occurred, although the birds were unfortunately 
invisible below the high bank. On my approach to pitch my observation 
tent, the birds rose together and made off. I take it as certain that no egg 
was as yet laid, since, once this has happened, tlse nest is sat on almost con- 
tinuously to prevent Skuas stealing the egg. 

Next day (July 6) I spent about 9 hours at the tarn. It was noticed that 
whenever the howl or mewing note was given, the neck was stretched out 
nearly or quite parallel with the water. This was confirmed on many sub- 
sequent occasions. The action seems to be inseparable from the particular 
note. It is probable that it renders tbo bird less conspicuous (see Van Oordt 
and Huxley, loc. cit .). The note was given repeatedly by the solitary bird 
(female) that was there at intervals from noon to 3 p.m. Occasionally the 
bill would be dipped as in sexual excitement. At one time she indulged in 
what were obviously practice dives, just in and out, emerging two to four 
lengths away. This was repeated five times in quick succession. 

Shortly after, the male arrived. The female speedily joined him, and the 
pair swam towards me, the female leading, with bill slightly open. When 
close to the bank, the female suddenly performed a remarkable action, 
obviously of a sexually stimulating nature. She stretched her neck forward* 
at an angle of perhaps 30° with the horizontal, the head and beak also 
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pointing up, but at a less angle. The neck itself was straight and rigid. In 
this pose she swam close up to the male, crossing his bows, so to speak. 
Whatever its significance, the performance was exciting to watch. There 
was a tenseness about the bird’s attitude, a rigidity, which has Hbeen com- 
mented on by other writers, notably by E. Selous, in connection with various 
sexual ceremonies in other birds ( Selous, , 01- , 02, ’05 a, ’05 b ) . I can best 
describe the impression it made on me by saying that it was like that 
apparently produced by certain sexual dances of savage tribes — the whole 
thing frauglft with the significance of sexual emotion, and mysterious in the 
sense of being thus emotionally charged far beyond the level of ordinary life, 
but completely natural and without restraint. It is fairly clear that, even in 
animals, the emotional tension during sexual excitement is far higher than at 
almost any other time, and that the impression given to the observer is, 
therefore, not wholly a subjective one. 

On this occasion the male was absolutely unresponsive to the female’s 
“ stimulating ” action. The pair went off together ; after some time the 
female started to go by a long route across dry land to the nest, but soon 
gave it up. The pair then swam, the female again leading, to a little bar 
covered with moss on the far shore. This bar I afterwards examined, and 
found that on it there was a rudimentary nest, built almost entirely of the 
moss which was bore abundant, both on the bar and under the surface of the 
shallow water near by. Another such ‘“nest” was found on the shore of 
a second tarn on which a second pair was breeding. Very similar structures 
are built by the Crested Grebe ; and in both cases their function appears to 
be the 'same — they are the places on (or near) which the act of coition occurs, 
dust before arriving here both Girds simultaneously “ looked into the water’" 
{vide sttjira) for about 20 seconds ; there was also a good deal of beak-dipping 
by both male and female. On arriving at the Jjar the female turned and 
gave an energetic splash-dive. The male responded by a less energetic 
splash-dive. The male then crawled out on the mossy bar, onto what I later 
found to be the pairing-nest; there he stood upright, stamped alternately with 
his two feet several times, and then sank down as if brooding. He plucked 
srpall fragments of moss in his beak, and apparently placed them round 
himself as if adding to the nest. The femalo meanwhile was swimming close 
to the bar, in water scarcely deeper than her draught, giving repeated splash- 
dives. Her tail (which of course was very short, as in all Divers and Grebes) 
was repeatedly waggled up and down. The association of this motion with 
copulation in birds is obvious and well-known. However, she did not land, 
Tbut swam across to the right and back, giving several more splash-dives ; 
the. male got up and scrambled back into the water. The pair then 
went to the nearest point to the true nest, both diving twice en route (not 
splash-dives) ; the female led, at a fast pace. After one short ahortive 
excursion overland towards the nest, followed by swimming off the shore, she 
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went right up to the nest and settled down on it. The mole dozed on the 
open water with his head under his wing. It was remarkable that since the 
arrival of the male not a single sound had been uttered by either bird. 

About 4ial£ an hour later the male flew off. The female continued to 
brood. At one time a Richardson’s Skua came down close to the nest. This 
was the signal for the Diver to give a series of mewing calls, with neck out- 
stretched in the direction of the enemy. (Occasionally the neck may even be 
directed slightly downwards.) About 7 p.m. I went off to carry out some other 
work. On returning, she was on the tarn. I visited the nest; and found it 
a low heap of mud with a shallow depression, and a moderate amount of 
moss round the rim. There were also several pieces of slate on it, but it was 
not clear whether their presence was not purely accidental. 

On my returning to the hiding-tent, the bird soon came hack to the nest. 
At 7.45 p.m. the male came back to the tarn. The female continued to sit 
without making any sign for a few minutes, but then suddenly left the nest 
and joined the male. Both appeared excited, and “ looked into the water ” 
several times in quick succession. Immediately afterwards they both assumed 
a very poor “ snake attitude,” with the neck only slightly arched. This 
lasted but a short time ; the female then gave five splash-dives in rapid 
succession. The pair then indulged in a snake-ceremonv, swimming towards 
me almost parallel, neither markedly leading. It was, however, a poor affair 
compared with those at full intensity of emotion. They then swam close up to 
the moss-bank on which was the pairing-nest, the female leading ; she swam 
close in and was obviously excited, but the male did not follow. After both 
had bad a spell of rest on the open w r ater, the male looked up and soon 
started a “roll-growi ” (the first sound given by either bird since his arrival). 
The female soon joined in, and a typical snake-ccremony followed. They 
then returned, the female leading, to the moss-hank. The male scrambled 
out again on to the hank, but at the other end from the nest. He trampled 
as before, hut less often, and settled down, hut did not pluck any moss. The 
female, however, after first pecking at the moss on the bank, turned, put 
her head under water, and proceeded to pull large pieces of moss up from 
the bottom. These she then jerked backwards over her shoulder, dropping 
them carelessly into the water ami showing no further interest in them. 
This she did eight or nine times in quick succession. After pecking up 
moss, both birds usually gave a sharp, emphatic shake of the head. 

The male then got off, made for the shore near the true nest, and sat 
there some time on the mud. Then both came out onto open water, and 
a good deal of mewing in duet went on. 

The female then led the way to the moss-bank, where (I quote from my 
notes) “she beached herself, stem just in water, breast on land, head 
down. The male followed, mounted onto her, standing sea fly upright, 
and copulated or attempted to copulate (it did not Ipok as if he was 
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successful, but this is hard to judge). He then walked up her body and off 
her right shoulder (in this whole action behaving very much like the Crested 
Grebe).” 

The female remained perfectly motionless for one or two minutes, in the 
same extended position ; the male, after sitting on the bank for a slightly 
less time, took to the water. The female than sat up, plucked up pieces of 
moss as before, but fewer and with less energy, and then joined her mate on 
the water. After swimming, with the male leading, they turned ; the female 
gave a short flight of a few yards, the male swimming rapidly after her ; the 
male then gave a similar short flight. Both shook their heads emphatically 
several times (compare the Crested Grebe). After a short time the female 
got up, followed at once by the male, and both flew off westwards and were 
lost to sight. This abandonment of the nest with an egg in it was remark- 
able ; possibly they were more upset by the presence of the tent than they 
appeared to be. In any case, apart from the presence of a pair of birds 
which may or may notjhave been the same, for a short time next day, the 
tarn was abandoned, and the egg fell a prey to Skuas within 24 hours. 

Another nest was discovered on a neighbouring tarn on July 7. This 
already contained two eggs, although this tarn had been still later in thawing 
than the other, and had ice extending for some distance in from all its 
margins on July 2. This tarn was within a short distance of camp, and 
the “ roll-growl,” signifying the mutual “snake-ceremony,” was frequently 
heard from it («?. g. 5.30 a.m. July 9). This shows that mutual “courtship” 
continues, as in the Grebe, throughout the incubation period. On investi- 
gating the banks, a “ cock's nest,” similar to the one already described but 
rather more rudimentary, was discovered, also on a rather mossy part of the 
shore (as a limiter of fact, the only mossy part in this tarn) ; doubtless it, too, 
subserved the function of coition. 

The association of the mossy bar with the rudimentary nest is interesting. 
The true nest often contains some moss ; and the behaviour of the female, 
above recorded, in plucking up moss from the bank shows that in the Diver, 
as in many other birds, the handling of nest-material has a sexually 
emotional association. It is presumably this emotional association which 
prompts the choice of a mossy bank as the site of the pairing-nest. There is, 
however, far less nest-material employed than by the Grebes: and 
accordingly nest-material plays a smaller part in the Divers' sexual 
ceremonies. 

On my arriving at the hiding-tent on the evening of July 9, the female, 
who was sitting, was rather suspicious, left the nest, and swam about 
restlessly on the pool for some time. Although alone, she frequently dipped 
her head half into the water, as previously described, for 5 to 15 seconds. Thus 
this habit, which is undoubtedly the main “ associations! ” habit of this 
species, may bo associated with other emotions than that of sexual excitement — 
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in this case, with that of anxiety. It was here evident that it was per- 
formed especially when the bird was particularly nervous ; for instance, 
whenever she approached the nest- region. This she did repeatedly, sheering 
off* six or eight times before finally plucking up courage to ascend the nest. 
The “ looking in the water ” alternated with a curious action of the wings, 
first one and then the other being raised very slightly. This was not 
seen at any other time. The male arrived on the tarn about 6 p.m. The 
female flew along the water to his neighbourhood, uttering a repeated cooing 
note. Both made towards the nest, the female leading, swimming very low 
in the water and cooing; she made one short dive. Both then cooed in 
unison. No ceremony followed, however, and the female soon went on to 
•the nest. The male shortly afterwards flew off, but returned within half an 
hour. No excitement occurred within the next hour. After this ho several 
times came up close to the nest, and gave the cooing call, which was some- 
times given by the female in response. Soon after this he flew off. Here we 
have evidence of sexual ceremonies in the morning, but a very “ dull evening.” 
Probably the mutual ceremonies are practised less, and less as incubation 
proceeds. 

Next day (the 10th) I was in the tent from 2.45 to 5 r.Bi. The male did 
not appear at all. The tent was now pitched at 6 yards from the nest. The 
bird was markedly less nervous than the day before, but every time that she 
approached the nest from the open water, she dipped her bill several times 
before venturing on the difficult overland traverse. This corroborates the 
interpretation of the 44 looking into the water 99 as an expression of emotion. 
On the 11th, the last day we spent qn the Foreland, I spent 12.30 to 2 a.m. 
^at this tarn. The male again did not appear. The female appeared to be 
sitting whenever 1 was watching ; but there is no doubt that the male is to 
be found sitting in this species (Witherby, *00, &c.). During this period 
the three birds previously referred to (p. 257) fle^ down and, after circling 
pound, alighted on the tarn. All were very alert in expression, and were 
repeatedly dipping their beaks into the water — i. e. under the influence 
-of emotional excitement. From their sizes, I should say there were two 
females and one male. After a few minutes they rose, circled round again, 
and again settled. One separated from the other two. The (apparent^ male of 
4hese two arched its neck very slightly, as if going into the snake position ; 
■on this, the other bird dived and emerged in the vertical “ Penguin ’’attitude, 
as already described. The immediate fluttering over the water by the 
remaining bird on the female’s diving indicates that this is a regularly- 
occurring ceremony and that the emergence was expected ; the same is true 
in the Grebe. 

The u Penguin ” bird dived again, with a splash ; but before it had 
•emerged, the other two had both, for some unknown reason, flown off. The 
-diving bird emerged in an abortive 44 Penguin ” attitude, looked round to see 
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where the other was, and then it, too, rose and followed the others. They all 
three made off in wide sweeps, and were finally lost to view some miles away. 

I take it that these three birds were not yet paired up for the season. 
Possibly here, as in the Crested Grebe (Pike, ’13), some birds do not nest, but 
continue ‘'courtship ” actions throughout the season. The long flight to the 
tarn and away again so soon after is of interest; it may have been a pursuit ; 
but, if so, it is interesting that the bird which took the chief initiative in 
courtship on the tarn was probably a female. 

Other Observations on the lied-throated Diver s Courtship . 

Before proceeding further, it will be as well to mention the actions 
observed by others in the same species. E. Selous (’12) made observations on 
a family in Scotland, during July, at a time when the young were hatched, 
and were being looked after by both parents. Although he was watching 
steadily for over three weeks, he only saw “ courtship ” behaviour on three 
occasions. This in itself is of interest, as showing that so long as the breeding- 
season lasts — i. e. at any rate so long as the instinct for caring for the young 
persists, and possibly until the autumn moult — the possibility of sexual 
ceremonies appearing in special circumstances will also persist. The obser- 
vations of Pike (*13) are of interest in this connection. He states that a large 
percentage of the Crested Grebes on a certain breeding area, although mated 
up, failed, for SQine unknown reason, to build or lay in the season when he 
was there : these birds, and apparently none of the other pairs, continued 
their well-known mutual courtship late into the season (i. e. after the normal 
time for incubation was over). Facts bearing on this problem are well 
known in other species ; for instance, in many birds, the final liberation of 
the parents from feeding the young, when these are old enough to look after 
themselves, is often marked by a recrudescence of various sexual activities. 
These are similar to the truly epigamic activities of the early part of the 
season, though they now, of course, have no function. Similarly, in birds 
which rear two or more broods, there is usually a recrudescence of epigamic 
ceremouics in the interval between broods. Looking at the matter from an 
opposite angle, we find that the song of many birds, e.g. the Nightingale, 
ceases immediately the yonng are hatched— i. e . as soon as the male embarks 
upon the new duty of helping feed the young. Mr. Eliot Howard informs 
ine that in birds such as the . Buntings, in which the mules occupy territory 
long before the females arrive, the volume of song in the first period is 
greater than in the period immediately after the arrival of the females. This 
has been corroborated for other species, e.g . the Blackbird (Dewar, *20). 

In a very similar way, the female, on reaching a certain level of endocrine 
stimulation, will permit and indeed solicit coition ; her emotional activity 
will also find relief or expression in the building of the ne&t. Coition brings 
about egg-laying, and nest-building brings about the finishing of the nest; 
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a new period is thus introduced in which new objects are introduced to the 
bird. Her excitation, so far as it is determined internally, remains at the 
same level, but her activities are determined also by the objects presented, 
and she now begins to incubate. In the absence of nest and eggs she would 
revert to the behaviour of the preceding stage— coition and nest-building 
once more, as is shown by the behaviour of birds whose nest and eggs are 
destroyed after incubation has begun ; but in the absence of the internal 
stimulation by the secretion of the gonad, she would neither brood, nor be 
eager for coition, nor build a nest. 

The annual cycle of a bird is therefore divisible into a series of periods, 
determined (a) by the state of internal stimulation, ( b ) by external objects — 
the presence or absence of mate, eggs, young, &c. These latter will 
determine the division of the breeding-period into a number of sub-periods. 
In the third place, (c), an influence on behaviour is exerted by general 
environment — e*g . by the state of the weather, the abundance of food, &c. 

So long, therefore, as the internal stimulation persists at the same intensity, 
the sub-periods will be mainly determined by the external objects presented 
to tlie bird. But, while any one sub-period will be characterized by one 
predominant type of behaviour, the other types of behaviour will be latent 
in the bird all the time, and may emerge under special circumstances, 
though rarely, so long as the breeding-season (i . e. the secretion of the gonad) 
continues. 

To return to Selous's observations on the Diver. The male had just fed one 
of the chicks ; he then approached the part of the pool where the female and 
other chick were swimming ; the female also swam towards him. On the 
two birds coming to within a f certain distance, both made two short 
flights towards each other over the surface of the water; each time the 
flight ended by the birds “ as it were walking on the water, as a Penguin 
walks on the land, bolt upright, with the whole of the white expanse of the 
under surface .... showing.” It is like “ a Penguin running a few steps, 
and then, for an appreciable period, standing upon the water, the naked legs 
and feet just hidden by it.” On another occasion, the male of another pair 
was seen to alight on the water on its return from the sea, and to end its 
alighting in the following maimer : it “ footed it, for a little, towards another 
one, presumably its mate, .... maintaining with the help of its wings the 
upright Penguin-like attitude.” 

On the third occasion, the female had started to give a special note with, 
head stretched forward ; she then began advancing towards the male in a 
series of little plunges. This stimulated the male to do the same. Each time 
the cry was given, the neck was arched and held rigid. They eventually met,, 
and then quieted down. 

It is interesting to note that none of the actions recorded by Selous are 
identical with those seen by me. This is probably due, at least in part* to* 
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the different period at the time of observation. On the other hand, they are 
built up out of the same elements. 

Bent (’19) says of all the species of Diver, as well as oE numerous other 
Pygopodes, that they migrate in pairs, or at least arrive at the breeding 
localities in pairs, and select the nest-site as soon as possible. He believes 
they pair for life. In all species it appears probable that both sexes incubate 
(although from my personal observations it appears that one bird, pre- 
sumably the female, takes much longer spells Ilian the other ; and see Turner, 
’13). 

Courtney, quoted by Chapman ( 5 22), gives a beautiful drawing of a common 
courtship ceremony of the North American Loon (Coly mbits immer ), in which 
one bird rises into the erect position, and runs along the surface of the whaler 
in this attitude for some way near another. 

Bent ( loc . cit.) refers to the “ maniacal " screeching laughter of this species 
in the breeding-season. 

Heidi itz (M3), writing of the Black-throated Diver, says that each pair has 
a well-marked and large; territory (ZfrnVr). He states that there are as 
many unpaired as paired birds ; these are birds of one, and possibly of two 
years of ago. He does not mention whether these evefr indulge in “ court- 
ship 99 ceremonies. This would be a point of considerable interest. 

Buhr ('07) mentions the dipping of the beak into the water when the bird 
is nervous and afraid to return to the nest. He also, on one occasion only, 
saw a very remarkable performance by a single Iled-throated Diver. The 
bird ascended to a great height, and then descended headlong, twisting and 
turning as it did so, the air rushing through the feathers making a noise 
“like a train." Such descents are, of course, well known in many birds, 
e.g. Rook. They are common in Louisiana Heron, Little Blue Heron, and 
Snowy Egret on returning to their rookery, and I have on one occasion seen 
a somewhat, similar performance by our common British Heron. It is 
probable that these actions should be classed as play, and not as courtship. 

Hatch, quoted by Bent (loc. fit.), states that 6 T . immer has a remarkable 
family habit. When the young are (apparently) well-grown, they sleep with 
their parents on the pool. In the early morning, before sunrise, the male 
parent gives a special call; all draw near, and, after a little manoeuvring, start 
to run over the water side by side in a line “at incredible speed/’ with the 
wings about a quarter-extended, the whole motive power being derived from 
the feet. They run thus for about 400 yards, then wheel, and return to the 
starting point. This is repeated several times and suddenly stops. It would 
he interesting to have further observations on this extraordinary ceremony. 

Interpretation. 

It will be seen from the above that (as in many, and indeed in most, of 
even our commoner birds) much remains to be known about the life-history 
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and especially the relations of the sexe9. Those who have opportunity, 
patience, and a good glass, and are willing to take full notes, will find that 
steady observation of almost any species of bird at the beginning of the 
breeding-season, particularly if a single pair can be followed throughout, 
will bring results which may be of very considerable interest, both from the 
standpoint of pure biology and also from that of comparative psychology, as 
well as being in itself a very fascinating occupation. 

The following paragraphs must therefore be taken only as a provisional 
interpretation of the observations which have so far been recorded. 

The Red-throated Diver is monogamous ; possibly it pairs for life. If it 
pairs for life, it follows that the pairs will have some form of association even 
* through the winter. In any case, however, a change occurs in spring. 
Either the loose association of male and female is replaced by a much more 
intimate one, or else the birds have been really unmated during the winter, 
and now do separate out into pairs. This must, of course, be the case with 
birds which have not previously mated. In any event, the change is definite, 
and warrants the term u pairing-up ” which is usually given to it. This 
change is presumably associated with a change in the reproductive organs, 
which start to secrete their specific hormones. 

The pairing-up appears, at least with some individuals, to occur in the 
winter haunts. When so, it is- followed, probably shortly, by migration, in 
pairs, to the breeding-grounds, where each pair as soon as possible stakes out 
a territory for itself. The present species appears to breed on small pieces 
of water, and probably the territory is, in most instances, coterminous with 
the nesting-pool. 

The fact that the pair migrate together and choose the nest-site and 
territory together is in strong contrast to the occurrences in such Passeres 
that have been fully investigated, such as the Sylviidae and the Emberizinro, 
in which the males alone stake out territory (Howard, *20), and, if migration 
occurs, migrate before the females. However, it seems to occur in many 
Pygopodes (Bent, op. eit .) ; and in Herons (unpublished observations of my 
own), although migration is in flocks, the choosing of the nest-site is Under- 
taken by the pair together. 

Although from the evidence of others it appears certain that pairing-up 
may occur before migration, yet my own observations appear to point to this 
not being universal. The fact that the “ Plesiosaur ” ceremony occurred 
frequently daring the first few days of our stay, but later was absent or very 
rare, as well as the fact that the simplest interpretation of it was that it was 
concerned with the <fc choosing” of mates, indicates that probably a good 
many birds arrive unmated on the breeding-grounds. Possibly (T throw this 
out merely as a suggestion) the birds which have nested before, pair up in 
winter quarters, while those which are about to nest for the first time do not 
do so until they arrive on the breeding-grounds, 
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The 44 Plesiosaur or 64 race " ceremonies, then, appear to be competitions 
for a mate. It is of interest to find that when three birds are participating 
in these ceremonies, their respective sizes indicate that they may be either 
two males and a female or two females and a male. This is in accordance 
with the rest of the facts observed about courtship in this species — the two 
sexes appear to play almost identical (or interchangeable) r61os. 

The only occasions when I observed the dive followed by the 44 Penguin- 
like 99 emergence, also seemed to be in this pre-mating period. The erect 
44 Penguin ” attitude, however, as Selous* observations show, is not only con- 
fined to this period, although he does not record diving followed by this attitude. 

There is, however, another possible interpretation of the participation of 
three and four birds in these ceremonies, which may be best understood after 
a brief digression. In the Buntings, as Mr. E. Howard kindly informs me, 
during the period while male and female are both present on the territory, 
but coition and nest-building have not yet begun, every day begins in the 
samf} identical way. The male wakes first : later, the female emerges too 
from her roosting-place : after a short time the male flies at her, eager for 
coition. She however flies off, and there follows what Howard calls the 
44 sexual flight/’ when the female, dodging and twisting, is pursued closely in 
her rapid flight by the male. Eventually the bir ls seem to get exhausted, 
and alight. Such pursuit flights are of course well known among many 
species. What is of special interest, however, is the fact that once the 
flight has started, it is a source of great excitement to other males in the 
vicinity, and, although these males may have been long in occupation of 
territory, and mated, yet one or more will usually join the rightful male in 
the pursuit. In passing, it should be observed that this instinct of other males 
to join in the excitement of these pursuits appears to be at the bottom of 
those undignified skirmishes of the House-Sparrow, in which a single 
unwilling female is mobbed by a number of males ; and see also Bent, op. cit .. 
pp. 186-191, where the Californian Guillemot is described U9 becoming very 
much excited at the sight of an act of coition by another pair. 

It is conceivable that the Plesiosaur race of the Diver may be a mutual 
“post-mating” ceremony, essentially identical with the 44 snake-ceremony ” 
described as occurring later in the birds’ history, but, since it takes place 
before the nest is built and other activities share the birds’ mind, differing in 
its greater intensity. If so, then the participation of three or four birds in 
the ceremony may be due to others joining in under the influence of 
excitement— others which are either wholly unmated, or else are mated but 
temporarily without their mates. Since * there were almost always several 
birds on the lagoon, while the nesting-pools hardly ever had more than a 
single pair on them, and since further the greater level of emotional excite- 
ment in the Plesiosaur ceremony is unmistakable, it would be quite 
intelligible that the threes and fours were only seen on the lagoon, and only 
performing in the Plesiosaur, not in the 44 snake ” ceremony. 
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For the present, however, I prefer to think of these as ceremonies 
actually connected with mating-up. If so, they are interesting, as they 
would be, so far as I know, the first pre-mating ceremonies described which 
were “ mutual/ 5 in that both sexes played similar rfiles. Farther observations 
are urgently needed, not only on this particular point, but on the whole 
problem of pre-mating ceremonies, especially in species with mutual post- 
mating courtships. 

In any case, the post-mating ceremonies are essentially mutual. The 
commonest is the * snake 55 ceremony, the incentive to which may, to judge 
from my observations, be given by either sex. This ceremony, like the 
pre-mating ones, may often be tr self-exhausting 55 in the sense that, as in the 
Crested Grebe, it need by no means always or usually lead to coition, but 
may be followed by a relapse into ordinary non-sexual routine. Here, 
however, I should like to put on record that further observation on this 
species and on Grebes has convinced me that such ceremonies may often 
have a stimulative effect, although that effect may be gradual and in a sense 
cumulative. It. is very common in the Grebe to see a pair repeat a series of 
mutual ceremonies at frequent intervals, and finally go off in the direction of 
the nest and pairing-platform ; this has also been observed in the same species 
by Scions, and clearly occurs to some extent in the Ked-th routed Diver. 
That in certain circumstances the ceremony may be completely self- 
exhausting is perfectly intelligible : like theesong of most Passeres, the 
performance of the ceremonies is definitely pleasurable in certain states of 
emotional tension. Physiologically , it is then performed “ for its own sake 55 ; 
it may or may not, according to various circumstances, have the further 
biological function of raising the emotion to a pitch at which coition is 
desired. 

On the other hand, there is no evidence that in the Divers there exist special 
attitudes and ceremonies especially used as a symbol of readiness to pair, as 
in the Grebe. The approach to the pairing-platform is in itself a symbol of 
some degree of readiness to pair. The emotion associated with this may 
apparently again be dissipated by excited actions, such as the pulling of weed 
from the bottom, and by the ascent of the pairing-platform without actual 
coition. 

The situation of the pairing-platform in a mossy situation is of interest. 
Moss is often but apparently by no means always used as nest-material, and 
in any case always in very small quantities ; the birds can never handle it in 
such large amounts during nest-building as they do in the vicinity of the 
pairing-platform. Two hypotheses might be considered in regard to this. 
In the first plaoe, it might be a reminiscence, the birds having in the past 
employed more moss in nest-construction than at present. Or it might 
represent a specialization ; once the divergence between nest and pairings 
platform bad arisen, and the emotions connected with coition had become 
attached exclusively to the latter, new ceremonies, based on the handling 
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of nest-material in the first instance, might have been developed in 
association with the pairing-platform to a much greater pitch than they 
had ever been formerly. If this is so, and offhand I am inclined to 
accept it us the more probable, there has been an evolution of the pairing- 
platform and the ceremonies connected with it, which is in many ways 
similar to that of the Bower-birds* bower. 

Personally I have not seen nearly so many post-mating ceremonies in 
this species as are to be observed in the Crested Grebe. This is undoubtedly 
due in part to the paucity of my observations. The work of Selous shows 
that “Penguin'* ceremonies do occur in this period, and, it is interesting 
to note, continue, though rarely, after the young are hatched. Thus the 
physiological state (presumably dependent on gonadiul secretion) during 
which epigamic ceremonies can Iks performed extends, apparently in all 
birds, up to the very end of the breeding-season ; it does not then issuo so 
frequently in 44 courtship/* because incubation and the care of the voir g 
afford other outlets for physical energy and emotional tension. 

On the other hand, only three, or possibly four types of epigamic ceremony, 
whether pre- or post-mating, have been observed at all in this species, 
whereas in the Grebe six have been seen ; and the greater abundance in 
the latter is probably not only apparent but real, and associated with the 
greater development of epigamic ornament in the Grebe. 

Incubation appears to be undertaken mainly by one bird, the >malb-rol the 
pair ; but there are numerous records of males also incubating, and it is 
probable that in the Divers, as in ofchoi forms with mutual courtship, there i.- 
a sharing of the duties of incubation as well as those of caring for the young. 
It is noteworthy that no ceremonies associated with nest-relief have been 
observed in the Divers or Grebes, whereas they are common in Herons (my 
own observations). Pelicans (Ghapman. *08), &e. It would be important to 
find out the range of size in male and female Divers. I am inclined to 
believe that a single bimodal curve would be obtained. For a discussion of 
sex-difference in birds with close similarity of male and female, see Huxley, 
* 22 1>. 

General Discussion. 

It remains to discuss some of the general significance of such forms of 
mutual courtship as are seen in the Divers, Grebes, Herons, and Egrets — to 
mention only birds whose sexual habits I have myself investigated. 

As I have recently pointed out (Huxley, *21), it is impossible in the 
present state of our knowledge to maintain that Darwiivs original theory of 
sexual selection is adequate to explain the origin of most of the sexual 
ceremonies and adornments to be found in monogamous birds. These 
adornments are chiefly used in ceremonies which take place after mating-up 
has taken place for the season. There cannot therefore be a direct selection 
as between one male and another in respect to them. It may be mentioned 
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in passing that there is evidence of this direct competition (using the word 
in a metaphorical sense) between males in at any rate some polygamous 
species, e.g . the Blackcock (Selous, *09). What, then, is the function of the 
sexual adornments and ceremonies—* for the most casual observation is enough 
to convince anybody that they possess some function ? 

It is to be observed that sexual ceremonies and colours or structures which 
are displayed solely or chiefly during such ceremonies are only to be found 
in animals of a certain grade of nervous organization. Observation on 
newts, which are remarkable in that the males deposit their sperm in the 
form of spermatophores first and afterwards go through their display 
ceremonies, indicates that the function of the display is a stimulative one, 
designed to stimulate the female to pick up the spermatophore (quoted in 
Pycraft, ’13). The experimental work of Sturtevant ( ? 15) on J drosophila 
entirely corroborates this view. The male in this species performs special 
actions with his wings when u courting 99 the female. .Stnrtevant found that 
males with the wings cut off, when imprisoned singly with females, succeeded 
in copulating, but after a longer time than normal males in a similar 
situation. On the other hand, when each female was placed with two males, 
one normal, the other with amputated wings, it was found that the wingless 
males were successful in copulating almost as often as were the normals. 
This can only be interpreted to mean that the wing-waving ceremony 
stimulates the female in such a way that she is then ready to receive 
any male in copulation. Morgan (’19) appears to adopt this attitude in 
viewing the whole sexual selection problem, but his statements are not 
very definite, and he does not .bring first-hand observation to bear on the 
question. 

Observation of most of the post-mating courtship ceremonies of birds 
bears out this interpretation. If we for a moment confine ourselves to 
a consideration of birds with distinct sexual dimorphism, either of 
colour and structure, or at least of behaviour, we can say (I) that the 
female is always or usually at a lower level of sexual emotion than the 
male ; (2) that the nervous organization of birds is so advanced that 
behaviour is no longer merely reflex, but that it depends in the main on 
highly-developed instincts, each associated with a particular emotional 
tone. The centres for the instinct require to he stimulated before tbe 
impulse to the particular instinctive action is felt ; there is a certain 
minimum intensity of stimulation necessary, which, as we have just said, 
is, in the case of the sexual instinct, generally higher in the female than 
in the. male ; (3) that, accordingly, a necessary preliminary to coition is 
the raising of the emotional state of the female to the level at which her 
sexual instinct is stimulated to action. 

. If we like to sum it up from a slightly different angle, we can say that in 
birds (as well as in other groups), mental organization has reached a pitch at 
which the higher centres concerned with emotion play a predominant part in 
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determining behaviour, and that a stimulation of the emotional centres is a 
necessary preliminary to coition. In a precisely similar way, at an earlier 
stage of evolution, a stage of general bodily organization was reached at 
which internal fertlization was desirable or necessary. On this stage being 
reached, it became imperative that coition should occur, and that, in practi- 
cally all cases (the majority of birds constitute an exception),, specialized 
copulatory organs differing in the two sexes should ho developed. Both (a) 
copulatory organs and (/>) most of the courtship ceremonies and epigamic 
structures we have been considering can therefore he classed under the same 
head— viz. as accessory sexual organs. I have heard this point epigram- 
matically summed up in discussion hy the remark that, this type of male 
courtship is a “psychological penis.” In any event, it is clear that just as 
no one has ever considered it necessary to postulate a special type of selection 
to account for the origin of copulatory organs, so the origin of courtship, so 
far as it is of this stimulative type, does not demand tho special evolutionary 
mechanism of Darwinian sexual selection to explain it. 

The question may now be raised as to the relationship between this 
“stimulative” courtship in species with sexual dimorphism and courtship in 
species where the appearance' and behaviour of the sexes are similar. To 
answer this we must go hack for a moment and ask a more fundamental 
question : — What is the reason, in the dimorphic species, for the difference in 
sexual excitability between male and female ? There may he some primary 
difference between the sexes which tends in this direction, but there can he 
little doubt that the marked accentuation of this, which is seen in most 
dimorphic species among the higher animals, has for one main function, as 
has been several times suggested ( e . <7. especially by (Irons, ‘OS, and E. Ilowatd, 
’OT-’W), the regulation of coition . If both sexes were highly excitable, 
coition would occur too often ; on the oilier hand, it would he undesirable to 
reduce the strength of the impulse too far, until it was near the lower level 
at which it ran the risk of being extinguished under tho pressure of accidental 
unfavourable circumstances. (There is much evidence to show that ,?. g , cold 
and damp have a markedly depressing influence on the sexual activity of birds..) 
An obvious method of ensuring the golden mean between the danger of 
excess and that of possible suppression of the instinct is to have one sex with 
a very strong instinct, or at least one which is readily excitable, while that 
of the other requires considerable stimulation to arouse it. (We have already 
seen that the instinct must be aroused through stimulation of the higher 
centres.) 

There is, however, another method of ensuring a similar result, and that is 
to have the sexes at ihe same general level of excitability, the male less 
excitable than in dimorphic forms, the female more so. In this case both 
sexes will constantly be reaching the level of stimulation at which desire for 
coition ooours. On the other hand, here again it is unlikely that both 
will at the same moment spontaneously reach this level— unless both were 
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keyed so high that an undue amount of coition resulted. Further, when the 
level of readiness to pair is reached, it does not follow that the bird will be 
under that amount of emotional tension which results in some physical 
expression being necessary : in fact, this appears to be the accompaniment 
of a definitely higher level of excitement. tf Courtship ” ceremonies which 
result in these circustances may therefore have one of two functions. In the 
first place, they may be performed by one alone ; they may then convey to 
the other that the first is ready to pair — in other words be informatwe in 
function — or in addition be stimulative , and help to key the other up to the 
requisite pitch. The stretching-out in the passive pairing attitude which 
occurs on open water in Crested Grebes (Huxley, ’14) and on the nest in 
Dabchicks (Selous, ’15) appears to be primarily such an informative 
symbol, although it is at least probable that it is also stimulative. On the 
other hand, there are many other courtship actions, such as the majority at 
least of the mutual post-mating ceremonies described both for the Diver and 
the Grebe, which appear to be primarily, or in any case, primitively stimu- 
lative in function. They are not symbolic, in the sense that they are not 
representations of coition attitudes, and both birds take part in them, usually 
though not always performing similar roles. These have as their original 
function the raising of the level of sexual emotion — only here it is a mutual 
raising of an originally similar level. It is true that, as in the Grebe, these 
ceremonies are frequently what I have called self-exhausting, and do not 
lead to coition, but this is probably secondary ; it is also probable that 
they may have other functions besides that of stimulating to coition. 
Both these points, however, we .must discuss later, as also the reason for 
the existence of the two different methods of dimorphic and of mutual 
courtship. 

It is no doubt often difficult to distinguish between the two ; but in the 
Crested Grebe at least there appears to be a real distinction. Objectively 
(“ behaviouristieally "), the pairing-attitude is adopted only near the nest 
or pairing-platform, and is almost always followed closely by coition ; it is 
not accompanied by any of the usual signs of violent nervous activity, nor by 
anything that can be called display. Per contra , the mutual ceremonies may 
take place anywhere, may or may not bo followed by coition, and, if so, 
generally after some interval ; they are associated with various signs of 
general nervous activity, and do serve to display special structures and 
colours. 

Psychologically, it would appear that the coition-attitude is narrowly and 
specifically associated with coition, and is “ informative," denoting readiness 
to perforin the act itself ; while the mutual display ceremonies are not 
associated with coition in particular, but with general emotional excitement. 
In so far, therefore, as they have a stimulative function, it is concerned with 
raising the general emotional level to the pitch required to make the birds 
repair to the neighbourhood of the nest — u e. to bringing about the general 
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psycho-neural state within which the particular state of readiness to perform 
the act of coition itself can only occur. 

In so far as they are truly self-exhausting, and not stimulative, they must 
either bo considered as biologically functionless, as so many by-products of a 
mental organization of the type required to execute the stimulative forms of 
display (cf. the way in which song has in many cases become a biologically 
useless outlet for very various emotional states, as well as subserving its 
primary functions in connection with territory) ; or, as I have previously 
suggested (Huxley, '14), their function must be concerned with keeping the 
pair, in species in which both sexes share the duties of incubation and care 
of young, more closely attached to each other throughout the season. 

Here we must he content to note that both types are •• accessory sexual 
characters, in the sense that their main function, like that of copulatory 
organs, is to facilitate the union of the gametes, and that they represent 
different methods of arriving at the same result — viz., the raising of the 
emotional level of the pair to a point at which coition will take place. 

It may be suggested that to speak of excessive coition, as I have done, is 
to use a phrase which it is difficult to justify biologically’. It should be 
remembered, however, that experiment has shown that, in mammals at least, 
a male will, if females in the right condition are provided, continue to pair 
until his seminal fluid contains very few spermatozoa (Hays, '18 ; Lloyd- 
Jonea & Hay, *18). Normally, of course, this is prevented in mammals by 
tho fact that the females only’ attain the condition in which they r are ready r 
for coition for very short periods at a time. A further disadvantage would 
accrue from the absorption of attention in the sexual act which is so marked 
a feature in most animals. The more frequent this might be, the more the 
species would be exposed to the attacks of enemies. The whole subject has 
been fully dealt with by Groos in his interesting book ‘Die Spiele der 
Ticre" (*98) ; and see also Mottram (’14). 

The regulation of coition, however, is undoubtedly’ not the only factor of 
importance in the evolution of courtship. Previous workers on the subject 
have been too exclusively preoccupied with the epigamic significance of 
courtship. This was natural ; but they should have remembered that the 
organism is a whole. We find as a matter of fact that the form and extent 
of courtship, nay, in Some periods its very existence, is due to causes which 
are not epigamic iu origin, but connected with other fundamental biological 
needs in relation with the annual cycle of the animal. 

In many birds, as we shall find (see Howard, *20), it is of prime import- 
ance for the welfare of the pair and its offspring that a well-defined territory 
shall be occupied in which the nest is afterwards built, and from w r hose 
produce the young are usually fed. It is a biological advantage to occupy 
territory early ; birds which did not do so until late would find all available 
space taken up, and would have to fight for occupation. When the sexes are 
dimorphic, one will usually bo the more active in this task — almost invariably 
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the male. Bat once he has occupied the territory, it will be again a biological 
disadvantage for the female to put off too long her quest for territory-plus- 
mate, or else she too will find herself forestalled. 

On the other hand, the exigencies of the food-supply demand that ovi- 
position should not occur until a certain date, varying naturally for different 
species, but almost always considerably later than the elate at which territory 
is occupied. Thus we have two opposed advantages— one in the early 
occupation of territory, one in the late starting of coition. As a result, there 
will be a period after both birds are on the territory — i. e . after pairing-up 
has occurred — when it will be biologically undesirable that oviposition should 
occur. This wc may call, if we choose to adopt a not wholly suitable human 
metaphor, the “ engagement period.” Extremely little is known concerning 
this period in species with mutual courtship : in many of them it is absent, 
the birds only returning to the breeding-grounds, or only pairing up, 
immediately before coition can and does occur. (This is apparently the case 
in Snowy Egret, Louisiana Heron, and many cliff-breeding birds.) In any 
case, what is known is so slight as to make discussion unprofitable. 

In many dimorphic species, on the other hand, a good deal is known. 
Such an “ engagement period ” occurs appareutly in all small Tasseres which 
have nidicolous and insectivorous young, and which therefore, as Howard 
has demonstrated, imperatively require a territory which is not merely a 
nesting-area, but a hunting-ground from which the needs of the new-hatched 
young may be supplied. As we shall see later, the dimorphism itself has 
probably been evolved in relation to other biological needs of the species — 
viz. the necessity for concealing poloration and behaviour in the female. 
Here, however, we shall take the dimorphism as given. 

The simplest way of satisfying these biological requirements is to make the 
male enter in early spring on to a sexually-excited state in which he is 
impelled to seek and occupy territory, to pair or attempt to pair with any 
female who stays in the territory, to assist in feeding young when hatched, 
etc. So far as his endocrine excitation goes, be remains in the same phase 
throughout the season. 

With the female, however, the case is different. She must (mss through 
at least two phases of excitation — the first sufficient to impel her to abandon 
the “ neutral” non-sexual existence of the winter and to seek and if neces- 
sary fight for (PI. 15. fig. 7),the company of a particular male, but not sufficient 
for coition to take place ; tbe second, more intense, impelling to coition and 
nest-building ; when the eggs are laid, to incubation ; and, later still, to the 
care of the young. 

There will thus exist a period in which the male will be anxious for coition y 
but the female will not permit it. Further, the "biological causes for the 
existence of such a period are not epigamic, uot concerned with the relation 
of the sexes, but are to be sought in relation to the need for occupying 
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territory and the need for nesting at the proper time for supplying the food- 
requirements of the young. 

Such species, where territory is of major not of merely minor importance 
{feeding territory as opposed to merely nesting territory ), we may for con- 
venience call “ territory birds/* In them, during the female's second phase, 
there is comparatively little “courtship" on the part of the male. When 
the female feels impelled to coition, she adopts a particular attitude, and 
the male immediately performs the act. The bulk of the “courtship 
(excluding song) is due to the fact of the existence of the “engagement" 
period when the male and female are in different states of endocrine exci- 
tation, and this is a biological “accident" arising as a by-product of other 
needs and functions. 

The song, on the other hand, is, in territory birds (where it reaches by far 
its highest development), connected primarily with territory — with attracting 
females to, and warning other males off, occupied areas. The displays and 
pursuit flights are merely an expression of the desire of the male for coition, 
a desire which cannot be satisfied in the engagement period. The display is 
in origiu an adoption of the coition attitude itself, or something closely 
resembling it, brought about naturally as a result of brain-structure when a 
certain level of sexual excitement is reached ; the pursuit flight is in origin 
an attempt to force the female to submit to coition. 

Once, however, these actions had arisen in this way, they formed a possible 
basis for further evolution. The fact (hat in large numbers of species of this 
type the male is brightly coloured, and brightly coloured in such a way as to 
display the bright colours in the above-mentioned type of ceremony, is 
evidence, though of a merely circumstantial kind, that something of the sort 
has occurred, and that the ceremonies, originally mere attempts at coition, 
have later acquired a second and presumably stimulative function. The fact 
that the males of some territory birds are not brighter than the females 
(elg. the Warblers) may well be accounted for on the supposition that in 
these species protection is desirable for both sexes. 

There is, further, interesting evidence to show that these ceremonies 
probably do possess some stimulative function. 

I am informed by Mr. Howard — and the statement has been in general 
corroborated to me by Mr. Jourdain and other field ornithologists — that in 
seasons when the weather has been very cold and unpropitious during the time 
of egg-laying and immediately before, the average number of eggs in a clutch 
is smaller than usual, and that the proportion of infertile eggs is higher than 
usual. This latter effect may in part be due to actual damage to fertilized 
eggs soon after laying, caused by the inclement conditions ; it may also be 
due to failure of fertilization. The smaller number of eggs in a clutch must 
be due to failures in ovulation. It is further well known that ovulation in 
birds isj in part at least, under nervous control ; the caressing of a female 
virgin dove on the back of the neck with the hand causes ovulation. 
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Harper’s observations (discussed by Marshall, ’22, pp. 134*135) make it clear 
that the female pigeon will not ovulate unless stimulated emotionally. This 
stimulus is normally provided by the male ; but two females isolated together 
will often lay. Single females when isolated never lay (except occasionally 
when overfed, and then only a few eggs). The recent work of (/banco ( 9 22) 
indicates that in the common Cuckoo ovulation occurs under nervous control, 
the sight of a pair of foster-parents building their nost acting as a stimulus. 
It is obvious, further, that the willingness of female birds for coition is not 
almost exclusively a matter of internal secretion as in mammals, but is largely 
under emotional control. It is also well known to field observers that the 
state of the weather has a marked effect upon the emotions and their 
expression in birds ; song and display is regularly far poorer on a cold, dull 
day than on a bright, warm one. Other things being equal, therefore, 
anything which tends to counteract the depressing effect of bad-weather 
conditions upon the emotions and the actions under their control will be of 
biological advantage in that the number of ovulations will be increased, and 
also the number of coitions, and so the chances of fertilization for the eggs 
after ovulation. There would thus in ordinary seasons he no marked 
biological advantage gained from stimulative ceremonies; Ibis would accrue 
in exceptionally bad seasons only. 

It appears, as I have already indicated, that in birds with mutual courtship 
the ceremonies do have a stimulative effect, although this is usually of a 
general and indirect kind, keeping the level of sexual emotion up to a con- 
stant pitch, and occasionally heightening it so that visits are made to the 
pairing-platform, &c., where coition will usually occur. It is highly probable 
that a similar general stimulation* is exerted by the more primitive displays 
of the “ territory ” birds, although here the stimulation is not mutual but 
unilateral. 

It is further clear that any display which did have such an effect would 
reap the biological advantages, mentioned in the preceding paragraph, of 
counteracting the had effects of cold seasons. As a matter of fact, even in 
these bad seasons some nests will be found with full clutches of eggs and 
normal proportion of fertile eggs. There is, therefore, a form of natural 
selection actually in progress here, which (as often) is only operative in 
particularly adverse conditions. 

It is of very great importance that this point should he cleared up, and 
that field ornithologists should undertake careful statistical work on the 
relation between weather, number of eggs in a clutch, and percentage of 
infertility. It is only so that firm bases can be found for biological theories. 

It must now be asked, as regards stimulative displays, what form of 
stimulus has been adopted and why. So far ns males of dimorphic speoies 
are concerned, what is the position? It is that they are subjected to a 
mental state which is comparatively rare in organisms below man, of being 
stimulated by a powerful emotion but being unable, so long as the female 
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remains passive, to express it physically by the natural channel proper to 
the instinct which it accompanies. What will the consequence be ? It will 
be ihut the psycho- physical energy will discharge into other motor channels, 
since it is debarred from discharging into its proper and normal channels. 

Perhaps the most frequent way in which it is discharged in birds is by 
rapid, restless movement, accompanied by drooping and partial spreading o£ 
the wings, spreading of the tail, and erection of feathers, especially on the head 
and breast. This type of action seems to have had a dual origin. In the first 
place, it is often very similar to the actions normally adopted at coition, e. g ., as 
Mr. Howard informs me, in the Buntings. In the Warblers the similarity is 
still marked, hut to a lesser degree. As I have suggested, it is probably Ihe 
direct result of the unsatisfied desire for coition. In the second place, 
however, it appears to represent the result of a general state of excitement, 
quite apart from any representation of coition attitudes. It is often difficult 
in any particular courtship ceremony to disentangle the share of the two 
contributions. In the Grebe, for instance, the ordinary ceremonies are in no 
way representations of coition actions, while in the Buntings they are almost 
wholly^so. hi any event, the dual origin of the ceremonies as a whole is 
clear — general expression of hvper-excitation combined with more or less of 
the typical coition attitudes. 

Once this type of action exists, however — and it will inevitably come into 
being in some form or other in the conditions which we have outlined, —it 
will naturally form the chief basis for the development of specialized court- 
ship actions and courtship colours and structures belonging to the stimulative 
type. When it is the wings and tail which are spread and the crown and 
breast-feathers which are erected, it will be inevitable that, if further stimu- 
lation is advantageous, it will in the main be achieved by making these parts 
more conspicuous (so as to accentuate the difference between the normal 
appearance of the bird and its appearance under the influence of sexual 
emotion); and this will be most readily done by the development of bright 
colours on these parts, or by the formation of special structures in these 
regions — structures which are usually displayed in full only under the 
influence of sexual emotion. Since the form of the wings cannot he much 
altered without interfering with the efficiency of flight, it follows that special 
courtship structures will not often be developed in connection with them ; 
and as a matter of fact we find that the chief special courtship structures 
are crests on the crown (as in Peacock, Herons, Goldcrest, Peewit, Cranes, 
&c.) or breast-plumes or other structures on the breast (as in Herons and 
Egrets, Bustard, Umbrella-bird, &c«), or elongations or other specializations 
of the tail (e. g. Pheasants, Humming-birds, Blackcock, Lyre-birds, &c ) 
or of the tail- region (Peacock, &c.). 

The erection of feathers on other parts than crown or breast is also common, 
and its specialization gives us structures like the ruff of the Crested Grebe 
aud that of the Ruff, the elongated scapulars of Herons, and those, both 
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elongated and dissected; of Egrets, together with some of the peculiarly 
situated plumes of Humming-birds and Birds-of-Paradise. 

It appears, then, that “courtship” consisted at first chiefly of non- 
significant movements employed by the male as an outlet for the pent-up 
sexual emotion, these being in part derived from those employed in coition, 
and that special colours and structures displayed only mainly during 
these movements are later specializations. If so, then we should expect 
to find some species of birds in which the movements exist, but not the 
special colours or structures — “ courtship ” actions without epigamic colours 
or structures. This is as a matter of fact the case. The Sylviidso, for 
instance, give us many examples of species which are not dimorphic in 
colour, or only so to an obviously non-significant extent, but are dimorphic 
in behaviour, usually the males alone performing special post-mating 
ceremonies, apparently stimulative in function, in which wings, tail, and 
feathers are moved in the general way that has been described 
(E. Howard, ’20). Rarely, however, both birds perform ceremonies simul- 
taneously, as is shown in fig. 8 (PI. 15). But the two perform ordinary uni- 
lateral ceromonies, and not in any common rhythm. There is no sign of a 
unified mutual ceremony. It is an interesting intermediate type of behaviour. 

.Usually, however, the close observation of the courtship of a species 
reveals other behaviour which cannot be brought under the rubric of 
originally non-significant physical release of emotional tension. I refer to 
actions which are to be thought of as having originally been developed in 
connection with certain other functions, and later having been connected 
with sex in courtship displays. Such actions have already been referred 
to. Sometimes they are to a certain extent associated with sexual emotion, 
as are all those connected with nesting-material ; sometimes they appear 
to have no such connection, such ns the preening, head-shaking, dipping 
of the bill, &c., which we have noticed in Divers and Grebes. In Mute 
Swans, I recently observed some interesting courtship-actions, and there 
one of the prominent pieces of behaviour was the dipping of the whole 
head and fore-part of the body below the water ; the action was strongly 
reminiscent of an incipient attempt at reaching down to feed in the 
characteristic swan manner. The birds also repeatedly preened themselves in a 
manner very similar to that seen in the Grebes— i. e. a manner indicative of 
the action .being used in what I may call a ritual way, and without any 
of its usual functional significance. I am confident that when once attention 
has been drawn to this “ ritual ” use of non-sexual actions during courtship 
activities, it will lie found to be of very wide occurrence. Prof. H. Balfour 
informs me that it occurs commonly in the Gannet. The a ss ocin t ion of 
nesting-material with courtship is certainly very widespread, and here we 
may probably see the working of direct association. . The sexual emotion 
directly activates the centres connected with ncst-building and the handling 
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of nest-material, because the two activities have been so often actually 
connected. But we cannot adopt this comparatively simple explanation for 
the incorporation of wholly non-sexual activities, such as preening, in court- 
ship. So far as my personal experience goes (and so little attention has been 
devoted to the matter that the literature is of scarcely any help), the birds 
which make ipost use of these non-sexual actions in courtship are those 
which make least use of the peculiar expressional movements of wings, tail, 
and feathers generally, which we saw made up the raw material of courtship 
actions in most species. If this should turn out to be generally true, then 
we should have to suppose that the emotional tension, since for some reason 
it does not in these birds express itself in the originally non-significant 
methods of general wing, tail, and feather movements, must find an outlet 
elsewhere, in the guise of actions which are already performed by the species 
in other connections. In any case, it is clear that these actions are utilized, 
like the general non-significant actions, as physical relief or expression for 
emotional tension ; and that since they are already given in the bird's 
instincts and habits, they form the natural raw material — the natural outlet 
for surplus psycho-neural excitement due to emotion temporarily unable to 
find its normal expression. 

In a sense, therefore, the non-sexual associated actions are mere expressions 
of emotion, comparable to the meaningless acts often performed by men 
under the influence of great emotional tension. But once they have come to 
be associated with sexual emotion, they then become the raw material which 
can ho worked up into more elaborate courtship ceremonies. Such, for 
instance, appears to be the origin of the head-shaking ceremonies in the 
Crested Grebe, In diving birds generally, there is an almost universal habit 
of shaking the head on emerging after a dive. This is, as we have seen, 
slightly associated with sexual emotion in the Diver, but in the Grebe the 
head-shaking is a very elaborate part of highly-specialized ceremonies, and 
its origin from ordinary non-sexual head-shaking can only be deduced from 
indirect evidence. Unless, however, its origin be of this nature, it remains 
quite obscure. 

The association of diving with courtship in both Grebe and Diver may be 
adduced as further proof of our contention. The special M splash-dives '* in 
the Diver, and the emergence from the water in a vertical attitude which 
occurs in both species, are both obviously modifications of the ordinary 
diving practised for food, which have now an exclusively emotional 
significance, and a sexual function. Under the influence of unsatisfied 
sexual emotion the bird indulges in various forms of action habitual with 
it ; later, specialization has taken place so that the sexual modes of diving 
lie come quite different in appearance from the original non-sexual mode. 

As a matter of fact, when we survey the varieties of courtship, we find 
that they are not uncommonly, to be regarded as specializations of normal 
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activities of the species. For instance, various hawks (e. g . Kestrel and 
Peregrine) have courtships which are based upon the wonderful powers 
of flight possessed by the group ; while many water-birds, like Grebes and 
Divers, show courtships in which some normal aquatic performance is 
sexually utilized. Thus in considering the genesis of courtship ceremonies* 
we have to distinguish between the raw materials and the * later speciali- 
zation. The raw materials are (1) coition-attitudes; (2) originally 
non-significant general movements, especially of feathers, wings, and tail ; 
(3) actions originally connected with activities in themselves associated 
with sexual emotion, such as nest-building ; (4) actions originally sub- 
servient to some non-sexual function. 

Later, specialization consists (1) in the development of striking colour on 
parts prominently displayed in tho raw actions; (2) in the development 
of such parts to form special structures (*. g. tail-coverts of Peacock, 
ruff of Crested Grebe). 

The difficult question remains as to the reasons for the existence of 
dimorphism of courtship in .some species, but of mutual ceremonies — 
associated, be it remembered, in the majority of species, with special colours 
and structures of as definitely sexual (epigamic) significance as in dimorphic 
forms — in others. 

In general, it appears that it must have some connection with mode of life, 
although in the absence of detailed information on many birds, and of 
statistical treatment, our conclusion cannot be wholly satisfactory at present. 
In the first place, it is undoubted that polygamous species present the most 
extreme cases of male adornment, combined with protective colouring in the 
females. Secondly, in monogamous species with marked male adornment, 
the females are usually protectively coloured, and usually undertake the 
whole of the duties of incubation — e. g . Anatidse, such of the Pheasants as 
are monogamous, &c. In some forms with dimorphic courtship, such as the 
Syltiidae, the two sexes are often not very distinct, and are both more or less 
protectively coloured ; both sexes may incubate here, although the female 
does so much more than the male. The Sylviidsc may be regarded as 
primitive in respect of the evolution of post-mating courtship. The 
Fringillidse are, on the whole, somewhat similar to the Sylviidse, save that 
the colour-dimorphism is usually more marked and the male usually 
incubates less, E. Howard (’20) has recently shown that territory plays a great 
part in the lives of birds, and that, in both Sylviidse and Fringillidse, it is the 
male who, early in the season, before other manifestations of sexual emotion, 
occupies a definite territory. Binging then begins, and is associated with the 
possession of territory. The process of mating-up consists mainly in the dis- 
putes of females for occupied territories with their contained males (FI. 15 . 
fig. 7). Since the whole breeding-life of the birds is connected with the staking- 
out of territory at the earliest possible opportunity by the males, it follows that 
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these must possess different instincts from the females — instincts which 
begin to react to seasonal influences some time before any reaction occurs in 
the other sex. Here we have a primary basis for the rest of the dimorphism 
observed — a basis given by territory requirements, not by epigumic needs. 

In birds with both sexes similar in appearance and with mutual court- 
ship, two salient facts are to be noted. In the first place, the birds are 
usually not protectively coloured, or at least not to such an extent as in 
most dimorphic species. Take for example the Herons and Egrets, the 
Swans, the Gulls, and many of the cliff-dwelling and other sea-birds 
(Guillemots, Razorbills, Petrels, &c.) . The Grebes and Divers are inter- 
mediate — the main coloration is protective, but the head, neck, and under- 
surface are conspicuous and used in courtship. In the second place, both 
sexes almost always share in nest-building, and often in incubation and 
the care of the young. So far as I know, there are no birds with mutual 
courtship in which the males do not share some of the duties of parent- 
hood, and their share is on the average certainly greater than is that of the 
males of birds with dimorphism in courtship. Also the nest-site is, usually 
at least, chosen by both birds jointly. 

It appears to he definitely the case that several tendencies are at work to 
produce the variation in inodes of courtship that we see. (1) Where, as in 
the Warblers, &c., the whole life-cycle is based on the early staking-ont 
of territory by the males, there must be a dimorphism of instinct in connection 
with this, and this primary dimorphism tends to be continued in other ways, 
e. (f. courtship. (2) Where protective coloration is of great importance to 
a species, it is imperative that one sex at least shall bo thus protected : this 
sex will naturally, save in very exceptional cases, tend to he the female. If 
protective coloration is desirable, it will almost always follow that general 
inconspicnousness will be desirable ; this will mean that any violent mani- 
festations of emotion, whether in the form of song or of display, will be 
undesirable. Hence there will be a tendency in such species to depress the 
level of sexual excitability in the females. This in its turn will, however, 
make it necessary for there to exist some mechanism for arousing their 
sexual emotion, and this will naturally be found in the courtship of the 
male. Thus in general the necessity for inconspicuousness in the female 
will have as natural reaction a tendency for courtship activities to be 
confined to the male, and to be well developed in him. Inconspicuous 
females tend to be associated with dimorphism of courtship, and often of 
colour. The tendencies mentioned in (1) and (2) often interact so that it is 
hard to distinguish which is the primary. Where polygamy prevails, and the 
males take no share in parental duties, this tendency will naturally produce 
its most marked results. (3) In some groups, such as for instance 
the Herons, n6t Only is it necessary for both birds to share in feeding 
thtt yotuig, but also to slttre the duties of incubation (since the feeding- 
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grounds are so distant; furthermore, protective coloration, as in most 
colony-breeding birds, is unnecessary. Here we find two tendencies acting 
in the direction of similarity in appearance and behaviour. In the first 
place, there is no need for the female to be inconspicuous, whether in 
plumage, voice, or action; thus, ceteris paribus there will be no tendency to 
restrict any variations in the direction of greater conspicuousness — even if 
they may have been first acquired by the mule sex, which is by no means 
necessnn* — to the males. Secondlj r , since the male as well as the female 
must possess the instinct to incubate and to feed the young, it follows that 
there is a tendency to approximate the instincts of the two sexes in these 
particulars ; and the sex-similarity thus initiated again tends to be con- 
tinued in other ways, unless there are reasons to the contrary, which, in birds 
to whom inconspicuousness is a matter of indifference, we have just seen do 
not exist. In birds of this type, therefore, there exist again two mutually 
reinforcing tendencies which tend to bring about a similarity of plumage 
and instincts, and so lead to mutual courtship. 

There are, it is true, species like certain Penguins (Levick, ’14) in which 
the sexes are alike, but much of the courtship is not mutual ; there are other 
species, like our Red-throated Diver, in which the sexes are similar and 
there exists mutual courtship, but in which the male helps to a comparatively 
small extent in incubation. In such a complicated subject we should not 
expect to find universal hard-and-fast rules ; each case requires to be 
investigated on its merits, and with a thoroughness which has so far only 
characterised few workers. But that the two general tendencies which 
T have mentioned, to dimorphism and to mutualism, do exist, and that they 
are definitely correlated witli other characteristics of the species’ life-history 
in the general way I have sketched, appears to be incontestable. 

One othor point remains to be considered here. Why is it that among 
birds with mutual courtship, some, like Divers and Grebes, perforin cere- 
monies far from the nest, no emotional expression being seen at or close 
to the nest during incubation and the care of the young, whereas in others, 
such as Herons, Egrets, Pelicans, &c., the chief ceremonies observed are 
those which take place at the nest or nest-site, especially at the moment when 
one bird relieves the other from the duty of incubation ? (PI. 14 . figs. 5 & 6). 

The answer is not, I think, far to seek. The “ nest-relief birds,” as we 
may call the latter category, are all species in which the nest is not concealed, 
and does not appear to be in need of special protection against enemies. * In 
most cases the birds nest in colonies. The birds with mutual ceremonies 
which are unconnected with nest-relief, on the other hand, have nests which 
are carefully concealed, or at least are far from conspicuous, and rarely breed 
in colonies. 

When a sitting bird is rejoined by its mate, especially if the mate’s 
presence implies a speedy relief from the tedious business of incubation, 
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it is natural that emotion should be aroused. If there is no biological reason 
against the expression of the emotion, it will naturally be expressed then and 
there in some form of ceremony. On the other hand, if there aro biological 
reasons for concealing the position of the ne&t from enemies, then it will be 
desirable not to draw attention to the spot by conspicuous sounds and actions, 
and selection will see to it that the emotion is not expressed immediately 
and naturally at the nest, but at a distance from it. The fact that, in the 
Crested Grebe, there exists a special and very elaborate ceremony which 
occurs when the members of the pair rejoin each other after having been 
separated for some time, indicates that in this species too the *uino emotions 
occur in similar circumstances, but are not allowed expression in the neigh- 
bourhood of the nest. 

Here again, therefore, we find an influence of the general mode of life mum 
the form of the courtship. So that we may really say that, although, given 
in the first place the state of general excitement produced by the sexual 
hormones, in the second place the stimulative effect of sexual display, and 
thirdly the necessity for regulating coition, there will inevitably come into 
beiug displays, &c., which go by the general name of courtship, yet tlie/wm 
of the courtship, not merely in det iils but in broad lines as well, will depend 
in the main upon other general biological factors affecting the species. 

There remains to bo considered the physiological and genetic mechanism 
which we must suppose responsible for the phenomena; but before parsing 
to this, I should like to summarize briefly the conclusions just reached. In 
few words they are these : — 

1. Polygamy encourages sexual dimorphism. It is only found among 
birds with nidifugous young, since nidicolous young require that both parents 
should assist in feeding. 

2. Need for inconspicuousness encourages dimorphism. 

3. Nidifugous habit in the young facilitates the development of dimorphism 
otherwise initiated. 

4. Early occupation of territory by one sex encourages dimorphism. 

5. Absence of need for inconspicuousness encourages mutualism. 

fi. Need for incubation by both parents encourages mutualism. 

Iu addition, there are no doubt many special physiological points which 
encourage one or the other tendency ; hut in general the condition observed 
is the result of the interaction of the tendencies we have enumerated. 

Recent experimental work is beginning to give us an insight, albeit but a 
partial one as yet, into the physiological and genetical mechanism underlying 
sex-characters in birds. 

It appears that castration of a male, in highly dimorphic species like fowl 
and wild duck, produces birds which are neutral in instincts but remain male 
in plumage. 

In females, on the other hand, castration produces cock-feathering, but not 
male instincts. 
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Recently investigations have been made dn breeds o£ fowls like the Sebright 
Bantams, in which the cock is hen-feathered. Two interesting points have 
emerged. The first is that the condition is due genetically to a Mendelian 
gene, the second that it is due physiologically to the fact that the male gonad 
in these animals possesses the same substance as do the gonads of normal 
females, which inhibits the development of male plumage. This latter point 
is demonstrated by castrating hen-feathered cocks, upon which they become 
cock-feathered — a strange but conclusive result (Morgan, ’19). Morgan 
believes that the condition has its histological basis in the development of 
luteal cells in the testes of lien-feathered cocks, similar to those found in the 
ovaries of normal hens, but recently Pease fill ; <j. v. for references to previous 
work) has thrown doubt CFn this. 

In any case, the facts are of great interest as showing by how simple a 
means, and in how few generations, a dimorphism of plumage could be 
converted into a similarity. On the other hand, it also shows that in this 
dimorphic species at least, plumage and instincts (as the castration experi- 
ments also demonstrate) depend upon different mechanisms for their develop- 
ment. The development of male or female instincts is due to a positive effect 
exerted by some secretion of the male or female gonads respectively, acting 
upon a basis which is neutral in the absence of the specific secretion, whereas 
the male gonad has no positive effect upon plumage development (the 
plumage of capons being, if anything, more male than normal), while the 
female gonad exerts in this respect an entirely inhibitory effect. 

It must be emphasized, however, that we have no experimental information 
with regard to species with similar plumage and courtship (in passing, it 
may be remarked that the castration of Grebes or Herons should provide 
interesting results). Further, from the general considerations advanced 
above, it is clear that we should not expect precisely the same mechanism to 
hold good in “mutual” as in dimorphic species. In the latter, as we have 
seen, selection must have been at work emphasizing and exaggerating any 
sexual differences of instinct which primitively existed ; whereas in the 
former all tlie influence vrould tend in the other direction, of assimilating 
instinct in the two sexes. 

To what pitch this has as a matter of fact been carried is shown by the 
observations of Selous and myself upon the Crested and the Little Grebe 
(Dabcliick). The Grebes are birds in which mutual courtship attains the 
highest development yet described, and in which sexual adornments similar 
in the two sexes attain a great specialization. In the two species mentioned, 
and probably in others, the instincts of the sexes are so alike that coition 
occurs both in the normal or in the reversed position. In these birds, coition 
always takes place upon a nest; the "passive” bird extends itself at fail, 
length in a perfectly horizontal position, the “ active” bird mounts toother 
from behind, and, after coition, walks up its body and off by its shoulder. 
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The differentiation of action between the sexes is thus very considerable ; yet 
in spite of this, as I say, either sex adopts either position according to 
circumstances. In the Moorhen, Selous ('02) has described reversed pairing 
as a normal sequence of pairing in the usual position. Mr. E. Howard tells 
me that he has repeatedly had occasion to confirm this himself. In Doves 
and Pigeons it may also occur (Whitman & Riddle, ’19 ; Marshall, ’22, p. 690). 

It should be remembered that sexual dimorphism to any marked extent is 
a late development in most groups. Primary and accessory organs are, 
naturally, different, but general coloration and body-form is usually similar in 
both sexes in primitive animals — e. g. Echinoderms, many primitive insects ; 
Crustacea and other Arthropoda, Cyclostomes and most fish. In any case, 
recent work has made it abundantly clear that the genes for the secondary 
sexual characters of both sexes are normally carried in all members of the 
species, and that either the sex-chromosome mechanism ensures two quite 
different types of cellular metabolism, one permitting the development of 
mule, the other of female characters, as seems to be the case in insects, or 
else that special hormones are developed in the gonads which exert specific 
growth-promoting effects upon some sexual characters, inhibiting effects 
upon others, as in vertebrates (summaries in Marshall, '22, ch. 15 ; 
Goldschmidt, ’20 ; Huxley, ’22 a). 

If, therefore, the divergence which 1 have referred to between the sexually 
dimorphic and mutualist types of birds originated early, as it seems to have 
done (for the distinction characterizes whole groups of the class), we may 
suppose that the primitive bird species on which it acted were probably 
similar in appearance, without well-marked courtship colours* or structures, 
whether in one or iu both sexes, and with a moderate dimorphism of instinct*. 
Later development has'either accentuated the difference of instincts, as in the 
Sylviidse, or the divergence of instincts and of appearauce, as in most 
Gallinaceous birds ; or has allowed bright colours to develop, apparently for 
use in courtship, but has not confined them to one sex, although it has not 
closely approximated the instincts of the two sexes (as in the Penguins, 
Levick, loc. dt .), or finally has encouraged sexual adornments similar iu the 
two sexes, together with markedly mutual courtship, and has approximated 
instincts to a high degree — as in the Grebes. 

So far as obsorvatioii can be a guide in these matters, it appears that 
although sex-dimorphism in plumage may depend upon different genetic au<l 
physiological factors from that in instincts and from that in size, yet as a 
matter of evolutionary fact, the first two, and probably the third also, have 
gone hand in hand. 

In other words, the divergence between dimorphic and mutualist species is 
primarily dependent on whether the gonadial hormones remain as similar as 
is compatible with primary sex-differentiation, or whether they become con- 
siderably different in the two sexes# If they adopt this latter alternative. 
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then there will result, unless special circumstances arise, a simultaneous 
dimorphism in both appearance and instincts ; if they remain on the whole 
similar, there will be (again unless there are special reasons against it) a 
similarity between the sexes, not only as regards appearance, but also as 
regards courtship and parental behaviour. 

If this turns out to bo well founded, and the gonads do normally in birds 
determine appearance, behaviour, and size simultaneously, then it is clear that 
observation will have contributed important guiding lines for future genetic 
and evolutionary research. 

In conclusion, I would like to emphasize the fact that, even when both sexes 
are similar, there is often no doubt whatever that the coloration and special 
structures used by them both in courtship have been evolved in relation to 
sexual habits, and in essentially the same way as bright colours and special 
structures used in courtship by males alone in dimorphic species. They have 
arisen through the necessity of providing an emotional stimulus to the other 
member of the pair, if fertilization is to be normally and easily effected, 
particularly in the face of adverse environmental conditions; and from the 
reverse point of view', have become necessary because it is biologically 
desirable to keep the mean sexual excitability of the pair at a level low 
enough to prevent excessive coition. They are, to use the useful term of 
Poulton’s which I have for some time adopted, always epigamic *, although not 
always secondary sexual characters. They have also been usually grafted on 
to primitive ceremonies which are the direct outcome of sexual excitement, 
and indirectly often the result of an engagement period which is caused 
by non-sexual exigencies of the life-cycle. 

Although the direct competition among males, which was one of the main 
points of Darwin's theory of sexual selection, docs not appear to occur in the 
evolution of most epigamic characters among birds, yet it is noteworthy that 
in the polygamous species in which it does occur, the type of coloration and 
structure which is evolved is very similar to that evolved in monogamous 
species, except that development has usually gone to further lengths of 
specialization. This similarity between the end-results in what we may call 
“ accessory '* as well as in 6fc sexually-selected r epigamic characters, is due to 
the second salient fact first clearly recognized by Darwin — the fact that the 
development of an epigamic character is dependent upon the emotional effect 
which it produces upon the mind of a bird of opposite sex. Epigamic 
characters must be emotionally stimulative if they are to perform their 
function successfully ; and to be emotionally stimulative, it would appear 
that they must be first striking, and secondly not usually visible, so as to have, 
when they are displayed, an element of novelty and unfamiiiarity which adds 
to their stimulative effect. So far as their striking quality is concerned, they 
may be either what seems to us beautiful or else what seems to us bizarre* 
So far as unfamiiiarity goes, it 'should be remembered that many epigamic 
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characters arc special structures only fully displayed during courtship ( e . g. 
scapulars of Egrets, tail-coverts of Peacock, ruff 1 of Crested Grebe) ; others 
are special patches of colour only made prominent by special display actions 
(*•#•» white on wings of Blackcock and of Crested Grebe, red of legs of Red- 
shank, rich purplish-brown of neck of Louisiana Heron); while still others, 
although always present, are probably not prominent unless the two birds are 
close to each other, and in certain lelative positions characteristic of courtship. 
This is probably- the case with many of the curious patterns characterizing the 
front view of birds at short range {e. g. Blue Tit, Turnstone, Redstart, Ringed 
Plover) ; that this is the probable explanation is shown by the fact that when 
special structures with undoubted epigamic function are developed on the 
head, those are often displayed so as to appear most striking (or only so) 
when seen in this way, close up and from the front (e. *j . the ruff and ear- 
tufts of the Crested Grebe, the crest of Louisiana Heron and Little Egret). 

The existence of true sexual selection as found in polygamous species thus 
encourages the same tendencies in epigamic characters as does the selection 
of those with a purely accessory v function : but, owing to the fact that in 
polygamous species the males take no share in incubation or the care of the 
young, dimorphism can proceed to its limit, and owing to the fact that there 
is a real selection as between different males, and so greater competition in 
regard to secondary sexuul characters, and that the successful male transmits 
his qualities to a greater number of offspring, the process of evolution of 
epigamic characters is not only more rapid, but also is generally carried to a 
higher pitch than- in monogamous species. In other words, polygamy and its 
attendant true sexual selection simply accentuate the same processes that are 
operative whenever epigamic characters are being evolved, even in the 
absence of sexual selection proper. 

This development of epigamic characters in relation to the mind of the 
opposite sex is a point of very general biological interest, since it is the only 
example, in organisms below man, of a secondary effect of the mind of a 
species upon the evolution of that species. Mental qualities of course 
normally have survival value, but this is quite a different matter ; they thus 
determine the survival or extinction of the species, not its modification in new 
ways. The mind of one species may play a part in moulding the evolutionary 
development of other species, as when acute vision on the part of predaceous 
animals renders concealing coloration advantageous, or the visual and olfactorv 
preferences of flower-visiting insects are reflected in the development of colour 
and scent in the flowers visited. Lloyd Morgan (’21) has recently emphasized 
the influence of mind upon evolution by introducing the useful term “ Psychical 
Selection.’" As indicated abovo, however, further terms are needed to 
distinguish between psychical selection acting upon the evolution of other 
species, as in the case of the mental qualities of bees influencing the evolution 
of flowers, or upon the evolution of the same species, as in the development 
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of stimulative display characters. If the barbarism be permitted, the teriiris 
" heterospecific ” and u autospecific *' psychical selection might be employed 
to make this distinction. Bat once epigamic characters come to be 
advantageous, the mind of the species (in the females in sexually dimorphic 
forms, in all individuals in those with mutual courtship) is exerting the 
indirect effect we have been describing upon the future development of 
colour, structure, and behaviour in the race. This is the mo*4 important 
fact which Darwin perceived, and this stands firmer than ever in spite of 
the rejection of the bulk of the other part of his doctrine. 

In concluding, I should like to thank Professor Lloyd Morgan, Mr. Eliot 
Howard, and Mr. A. M. Carr-Saunders, all of whom have kindly fread the 
foregoing article in manuscript, and have helped ine with several important 
criticisms and suggestions. 

New College, Oxford, 

March, 1923. 

Postscript 1. — Since the above was written, Dr. J. 0. Mottram has been 
good enough to write to me on a number of points concerning sexual 
coloration in birds, and to allow me to see the MS. of an unpublished paper 
on the subject. I would like to take the opportunity of dealing with a few 
of the points which he raises in this and in his book ('14). 

He points out the great importance in many birds of concealing 
coloration — a proposition in which every naturalist who has studied 
birds in the field would agree with him. I have in the body of the 
paper dealt with the ways in which the necessity for concealment or its 
absence reacts upon the “ courtship r characters and activities of birds. 

With reference to the Kingfisher ( Alcedo ispida ), Dr. Mottram makes out 
a strong case for believing that its brilliant colouring, present of course in 
both sexes, is aposematic, with the function of warning possible enemies of 
the bird’s unpalatabilifcy. He points out that records of the Kingfisher being 
attacked by birds of prey are extremly rare ; and has found that its flesh is 
unpalatable to man and rejected by domestic animals. 

However, if the Kingfisher really, as seems probable, presented an example 
of warning coloration, it would in no way invalidate my general conclusions; 
it would merely corroborate from a new angle what I have been urging in 
this paper — viz., that each species of bird must be worked out on its merits, 
and that coloration and behaviour are always determined not by one single 
cause, but by several, of which the two most important are (a) the bird’s 
relations with its mate, and ( b ) its relations with its enemies and its prey. 

Dr. Mottram, however, goes farther. He attempts to account for ail 
“ courtship ” characters and actions solely in terms of the bird’s relations 
with enemies and prey. 

(1) By an ingenious train of reasoning he points out that where the bin 
alone, or chiefly, incubates, she must be regarded as biologically the more 
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valuable of the pair, and that in such species the display and song of the cock 
has as its primary function that of drawing the attention of enemies away 
from the hen ; so that, if one of the two is sacrificed, it shall generally be the 
less •* valuable 99 male. 

(2) Where the species is capable of defence, or is unpalatable — u e. does 
not require protective coloration — he postulates that courtship should be not 
-elaborate, or may even be absent. 

(3) Where both sexes are of equal biological value (i. e. where both 
incubate), he postulates that both should indulge equally in display. 

The reasoning is undoubtedly ingenious, but can be shown not to be 
adequate to account for all the facts. 

As regards (1) , it should be remembered that the song of male 44 territory 
birds 99 is most powerful before any females have arrived. It could be 
no possible advantage to the species to have attention attracted to the 
males when there were no females present from whom attention could 
he drawn off. 

It is undoubtedly true that where only the female incubates, and where 
protection is desirable, dimorphism of sexual characters and behaviour w ill be 
encouraged. This I have pointed out in the body of the paper. l)r. Mottram 
simply restates the problem from a different angle, and with the epigamic 
side of the matter left out. 

(2) is simply no! true in a number of cases. Herons and Egrets are w'cll 
protected from enemies, but have an elaborate courtship. So do Swans 
(Selous, "13, and my own observations). So do Hawks, though here the 
displays are concerned with flight, not with bright coloration (Owen/1 6-*22, 
Sparrow-Hawk ; Kestrel, my own obervations) ; and other examples could 
be quo teil. 

(3) Where both sexes are of equal value, it wmuld appear on the face 
of it biologically desirable that both should be rendered inconspicuous when 
concealment is in any way desirable, if, as I)r. Mottram would have us 
believe, the chief function of display is to attract the attention of enemies. 
However, in the Grebes, all of which take great pains to conceal their nest, 
and are protectively coloured so long as they are in the normal swimming, 
feeding, or resting attitudes, elaborate mutual courtship does occur, and at 
■once makes the pair conspicuous. The same, to a less extent, is seen in Divers. 
The vocal duets of Owls which go on in the breeding-season (Huxley '19} 
are difficult to account for on any theory which relates them only with 
attracting the attention of enemies. 

Finally, Dr. Mottram makes the point that since many birds “ get on 99 
without bright colouring in one or both sexes, and yet reproduce, therefore 
when bright colouring is present it cuunot be supposed to have any relation 
to reproduction. This, however, is an old fallacy, repeatedly exposed since the 
nearly days of the evolution controversy. It would be equally justifiable to say 
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that because an earthworm gets on without eyes, and yet reacts to light and 
darkness, therefore when eyes are found, they can have no relation to light- 
perception ; or that because lower mammals get on with a small brain, 
therefore the difference in brain-size between them and man can have no 
relation to the functions carried out by the brain of lower mammals ; and 
so on, ad lib . 

It becomes increasingly clear that to interpret the behaviour and 
evolution of a bird, even if apparently in only one regard, it is necessary to 
take into account all the circumstances of its life. As regards coloration 
and w courtship ” behaviour, I hope I have shown that relation to enemies 
and relation to the mate are two factors of greatest importance. I am 
grateful to Dr. Mottram for having brought to my notice a number of points 
concerning the relation of birds to their enemies of which I was not aware ; 
and I believe that his contribution to the theory of the subject is of real 
value. But so long as cases remain — as they do in large numbers — where 
coloration, structure, or behaviour have an obvious function in regard to the 
opposite sex, and no discoverable function in relation to the enemies or anv 
other factor of the bird’s life, I maintain that we must take these into account, 
and that Dr. Mottram is definitely wrong in attempting to base his theory of 
the evolution of courtship solely on one, instead of on both of the two main 
factors mentioned above. 

On the other hand, his suggestion that the bright colour and general con- 
spicuousness of the male may have in some species the function of drawing 
the attention of enemies from the biologically more valuable female will, 
I believe, prove of importance in certain puzzling cases. I will mention but 
two. In the first place we hove the well-known fact that many mimetic 
species of butterflies, including some of the most striking examples of mimicry 
(e.g. Papilio dardanvs ), are mimetic in the female sex alone, the male being 
conspicuous but non-mimetic. The males are 44 valuable” only before copu- 
lation : the females until after oviposition, and further, have usually a poorer 
flight. If a certain average toll is taken of the species by enemies, it could 
well be a real advantage to have it fall preponderatingly on the male sex. 

The second example concerns birds. Reflection will show that the bright 
colours of male birds fall broadly into two categories — those which, like the 
“tail” of the Peacock or Argus Pheasant, are only conspicuous in display, 
and those which, like the general coloration of most male ducks, are always 
conspicuous. It will be further found that the former are definitely displayed* 
the latter usually not. the display of male ducks is largely a bobbing 

of the neck ; the general bright body-colour is not made more conspicuous in 
display. The male duck, furthermore, (i.) takes no share in incubation or 
rearing the young, (ii.) usually stays near the hen until the young are hatched, 
(iii.) as soon as he leaves the hen, moults into eclipse (protective) plumage, 
(iv.) The hen is protectively coloured, (v.) The species is highly palatable and 
much attacked by Raptores. 
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Thus there is a good prima facie case for applying Dr. Mottram's ideas to 
oases of bright coloration in the males of palatable species in which the 
bright colour is not specially associated with display, and especially in forms 
in which the female alone looks after eggs and young. 

It is, however, becoming clear that many side issues of the problem can 
best be attacked by statistical methods ; and this I propose to do as oppor- 
tunity offers. 

Postscript 2. — The last number of i British Birds' (vol. xvi. p. 318) con- 
tains an article by Mr. N. Gilroy on the nesting habits of the Black -throated 
and Red-throated Divers to which reference should be made. 

The Black-th routed Diver is monlioned as dipping its bill in the water 
when nervous because scared off its eggs. This extends my observations of 
the beak-dipping of the Red-throated Diver to another species. 

Of courtship, the following remark is made — “ The pairs may be observed 
on the tarns for a considerable time before nesting begins, and one is fre- 
quently treated to the extraordinary display which takes place, not only 
daring courtship and pairing, but even when actual breeding has commenced 
— when both birds propel themselves through the water almost vertically/' 
This, so far as it goes, confirms my observations. J. S. 11. 

8th May, 1923. 
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EXPLANATION OF TILE PLATES. 

Plate 14. 

Fig. 5. .Louisiana Heron ( Uydranassa tricolor). Twig-bringing ceremony after nest-relief. 

The relieved bird is presenting a twig to the bird on the nest. Note raising of 
crest, aigrettes, and neck-feathers, and spreading of wings. 

Fig. 6. Nest-relief ceremony of Little White Egret (Egretta candidUsima). The bird on the 
right is about to step o ft the nest. Note erection of crests and aigrettes, and 
spreading of wings. 

Plate 15. 

fig. 7. Tw.o female Whitethroats (Sylvia cinnea) fighting for a male and his territory ; 
the male watching. 

Fig. 8. A pair of Willow- Warblers (Phgllosoopus trochilm) ; simultaneous performance of 
wing-flapping ceremony. 
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Km. 0. Nest -relief ceremony of little White* Kcrrvt ( Kyi ilia tinnh<h#*nmi\ 
The* hml nil the right is about to step off the nest Note erection of 
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Fid. 8. A pair of Willow -Warblers (Ph tjllosmpns Ivor Stilus ) : 
simultaneous perfortnaiieo of win#- flapping reremony. 
Reproduced by permission from E. Howurd. ‘ The British Warblers. 
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On Cellularine and other Polyzoa. By Sir Sidney F. Hakmkr, K.B.E., 
Sc.D., V.P.R.8., F.L.S., Director of the Natural History Departments 
of the British Museum *. 


(Plates 16 19.) 

[Head 1st February, 1923,] 

I. Introduction, 

The collection of the Polyzoa made l>y the ‘Siboga* in Malay waters is 
perhaps the most important one which has been obtained in any part of the 
world since the ‘Challenger’ Expedition, including as it does representative* 
of the shallow and deep water Fauna of a district rich in Polyzoa, but at 
present very imperfectly known. A study oE the representatives of this 
group in the area in question is specially needed, in order to fill a conspicuous 
gup in our knowledge. The Polyzoa of parts of Australia have perhaps l>een 
more fully studied than those of anj r other part of the world, with the 
exception of the Atlantic and Arctic aieas ; particularly those of Victoria 
and New South Wales, thanks to the labours of Busk, Hincks, MacGillivray, 
Waters, and others. Tho«e of Japan have been described, to home extent, by 
Ortmami, and are receiving attention from Yanagi and Okada. Hincks and 
Miss Robertson have deseril»ed some of the Polyzoa of the Pacific coast of 
Anierica, but those of the Pacific in general have been very imperfectly 
although some information on the subject has been given by 
Waters has published two important papers on the Polvzoa 
iV'Hed S ©a and East Africa, and Savigny’s admirable figures of Egyptian 
some of which were obtained in the lied Sea, as well as a recent 
Rtp6r»by Marcus on South African species, mu*t be specially noticed. 
Ifrndks has described Polyzoa from the Indian Ocean, particularly from the 
M&rgui Archipelago ; ami Miss Thornelv and Miss Robertson have also made 
teit^lbutions to our knowledge of the Polyzoa of this ( >eean, 

investigating the Cheilostomata of the Malay Archipelago, 1 ha\e 
fttxiki it necessary to devote much attention to various questions which do 
a necessary part of the Report which is in preparation. 1 luue 
bfctfh obliged in particular to study various genera, in order to attempt to 
decide their characters and the names which ought to be assigned to them. 

^ * Published by permission of the Trustees of the British Museum. 
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In dealing with these questions I have had the great advantage of being able 
to make use of the important typo-specimens, particularly those of Busk, in 
the British Museum. Some of the results thus obtained are given in the 
present paper, which is intended to be preliminary to my fuller Report. 
The genera considered are those of the “ Oellularine v series, together with 
others which have to be discussed in connection with these. For the purposes 
of this general survey I am obliged to gn e diagnoses of several new genera ; 
but T restrict myself to those which are strictly necessary, believing as I do 
that the practice of publishing preliminary diagnoses which cannot be fully 
understood without adequate illustration is one to be avoided as much as 
possible. I devote special attention to spocics which have been included in 
the genus Menipea ; and 1 venture to think that the grouping here suggested, 
in this and other genera, will, give greater precision to certain questions of 
Geographical Distribution. I desire to acknowledge specially the valuable 
assistance I have received from my colleagues Mr. C. Davies Sherborn and 
Mr. R. Kirkpatrick. Mr. Sherborn has helped me particularly with regard 
to the dates of publication of various Memoirs, while his invaluable MS. list, 
at present in course of publication (Index Animnlium, 1801-1850) by the 
Trustees of the British Museum, has been of special assistance in ascertaining 
that several genera in current use are preoccupied. Mr. Kirkpatrick, who 
is in charge of the Collection of Polyzoa in the British Museum, has given 
me much appreciated help in referring to the specimens, and in other ways. 
Special attention may bo dirocted to ,Seot. III. (Internal avicularia) ami 
Sect. IV. (Methods of bifurcation). 

The present paper is divided into tile following Sections : — 

I. Introduction. 

IT. Literature and Nomenclature. 

III. Internal avicularia. 

IV. Methods of bifurcation of the colony. 

V. Characters of certain genera and species of Scrupocellariida*. 


II. Literature and Nomenclature. 

This Section includes a list of Memoirs to which shortened references are 
given throughout the pnper ; but full references are given, in their proper 
places, to many other works not included in the list. The Bibliography is 
followed by an alphabetical list of genera, in which I have endeavoured to 
establish the respective genotypes, where this has not already been done. 
In constructing this list I follow the example which ha> been given by Lang 
(1917, Geol. Mag., Dec. vi, vol. iv. p. 169). I have also indicated, as far as 
possible, the names which appear to me synonymous with genera of earlier 
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introduction. The consideration of a number of genera at the same time has 
had great advantages, by enabling many cases to be discovered in which the 
conclusions drawn from the study of one genus by itself are modified by 
taking others into account. I have found it necessary to propose the following 
new genera and species in the present Section : — 

Camptoplites , n. gen. 

Didymozoum , nom. nov., to replace Didymia , pre-occupied. 

Kitoplozoum , n. gen. 

Ifimantozoum , n. gen. 

Onchoporella huskii , nom. nov., for Onchoporella hombycina , Busk. 

Stirparielldy nom. nov., to replace Stirparia, pre-occupied. 

The following new names are proposed in Sect. V. : — 

Amastigia kirkpatricki (Levin sen, MSS.), n. sp. 

Meuipea rectiferu , n. sp. 

Notoplitesy n. gen., and N. rostratiiSy n. sp. 

I accept the main divisions of the Cheilostomata which were suggested by 
Levinsen (1909, pp. 88-90). The Order is divided into two 'Sub-Orders: 
(1) Anasca, in which the original frontal membrane persists, wholly or in 
part, in a membranous condition ; ("2) Ascophora, in which a compensation- 
sac is present (cf. Harmer, Q. J.M.S. xlvi. p. 263). The Anasca are further 
subdivided into three Divisions : (i.) Malaeostega, with the frontal membrane 
for the most part in its primitive, membranous condition ; (ii.) Coilostega, 
with a considerable development of a calcareous layer, the cryptocyst, 
subjacent to the frontal membrane, and frequently pierced by foramina, the 
opesiules, traversed by the tendons of the depressor muscles, which are 
inserted iuto the frontal membrane ; (iii.) Pseudostega, with peculiar, 
immersed ovicells and certain other characters, consisting mainly of the 
Family Cellariidoe. 

The genera included in the following list are mainly the erect branching 
forms of the Anasca. I have included all Levinsen’s Families of recent 
Malaeostega, with the exception of the Membraniporida* and Cribrilinida? ; 
the erect, branching genera of the Coilostega, but not the enernsting forms 
nor those with an Esch&rine habit; and the genera of recent Pseudostega. 
The Cell ularine assemblage, with which I am principally concerned, consists of 
the branching, erect genera of the Malaeostega. The branching Ascophorous 
genera, such as the Oatenicellidrc, provided with a compensation-sac. are 
not included in my list, with one or two exceptions, in the case of "names 
which have some bearing on the nomenclature of other genera under 
consideration. 


22 * 
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A. Literature.! 

Abbreviations : — 

A. M. N. H. — Annals and Magazine of Natural History* 

A. S. N. — Annales des Sciences Naturelles (Zoologie)* 

J. L. S. — Journal of the Linnean Society (Zoology). 

P. F. T. C. — See tinder P’Orbigny. 

Q. J. M.S. — Quarterly Journal of Microscopical Scienoe. 

Afdouin, V m 1826. — “ Explication sommaire des planches de Polypes de l*£gypte efc 
de la Syrie,” in Savigny’s “ Description de TEgypte,” i. pt. 4, 

Audouin, V., 1828. — Ibid., 2« Edition, xxiii. 

Blainville, H. M. D. dr, 1830. — Dictionnaire des Sciences Naturelles, lx., Zoophytes. 

Blainville, H. M. D. de, 1834.—“ Manuel d’Actinologie.” 

Bosk, G., 1852 l . — Polvzoa and Sertularian Zoophytes, in J. MacGillivray’a Voyage of 
the * Rattlesnake/ Vol. i. 

Busk, G., 1852 s , — “Catalogue of Marino Polyzoa in the Collection of the British 
Museum,” Pt. i. 

Busk, G., 1884. — “Report on the Polvzoa,” Pt. i., Challenger Reports, Part xxx. 
Vol. x. 

Ellis, 1755.— “An Essay towards a Natural History of the Corallines.” 

Ellis, J., & Solandkr, D., 1786. — “The Natural History of many curious and 
uncommon Zoophytes.” 

Fleming, J., 1828. — “ A History of British Animals.” 

Gkat, J. E., 1843. — “ Additional Radiated Animals and Ann elides,” in E. Bieffen- 
bach’s “ Travels in New Zealand,” Vol. ii. 

Gray, J. E., 1848. — “List of the Specimens of British Animals in the Collection of 
the British Museum,” Pt. i. “ Centronix or Radiated Animals.” 

Hincks, T., 1880. — “ A History of the British Marino Polvzoa.” 

Johnston, G., 1847.-“ A History of the British Zoophytes,” Second Edition. 

Kluge, H., 1914.— “ Die Bryozoen der deutschen Siidpolar-Expedit ion 1901-1903,” 
pt, i„ Deutsch. Siidpolar-Exp. 1901-1903, xv. (Zool., Bd. vii.) pp. 001-678. 

Lamarck, J. B. I*. A. be, 1801. — “ Systeme des Animaux sans Vertebres.” 

Lamarck, J. B. P. A. de, 1816. — “Histoire Naturelle des Animaux sans Vertohres,” 
Vol. ii. 

Lamouroux, J. V. I., 1812.—“ Extrait d’un Memoire sur la Classification des Poly- 
piers Coralligenes non entierement pierreux,” Nouv, Bull. Sci. Soc. Philomat. 
iii. p. 181. 

Lamouroux, J. V. F., 1816. — “ Histoire des Polypiers coralligenes flexibles.” 

Lamouroux, J. V. F., 1821. — “ Exposition Methodique des genres de l’Ordre des 
Polypiers.” 

Lamouroux, J. V. F., 1824.— In Encyclopedic Methodique, xcv. Livr., X, ii M 1 Parfciv 
Vera. 

Lamouroux, J. V. F., 1827.— Ibid, xcviii. Livr., T. ii., 2 Partie, Vers. 

Lbvinsen, G. M. R., 1909.—“ Morphological and Systematic Studies on the Cheilo- 
stomatous Bryozoa,” Copenhagen. 

Linnjbus, C., 1758.— “Systema Naturse” 10th Ed„ Vol. i. 
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Linnasus, C\, 1767. — “ Systema Naturae/’ 32th Ed., Vol. i. pars 2. 

Marcus, E., 1922. — “ Siidafrikanische Bryozoen aus der Sammlung des Gothenburger 
Museums/’ Gbteborgs K. Vet.- och Vitt.-Samh. Handl. (4) xxv. 3. 

Oxen, L., 1815. — “ Lehrbuch der Naturgeschichte,” 8 Theil, Zool., 1 Abth. 

D’Orbiuny, A., 1852 (referred to as A. 8. N.). — “ llecherches Zoologiques sur la 
Classe des Mollusques Bryozoaires,” Ann. Bei. Nat. (8) Zool. xvi. p. 292. 

D’Okbigny, A., 1852 (pi ob ably published later : referred to as A. S. N.). — Ibid ., Suite, 
Ami. Sci. Nat. (8) Zool. xvii. p. 278. 

D’Orbigny, A., 1851* 1854 (referred to as F.F.T.C.). — “ Paleontologie Franyaise, 
Terrains Cretaccs,” T. v. 

1851. — pp. 3-188. 

1852. — pp. 1S9-472. 

1858.— pp. 473-984. 

1854. — pp. 985-1 192. 

Fallas, F. S., 1766. — “ Elenchus Zoophytorum. ’’ 

Fallas, F. 8., 1787. — 44 Charaktoristik der Thierpflanzen ” . . . . iibersetzt Ton C. F. 
Wilkens uud J. F. \Y. Herbst, i. Th. 

Sch w bigg kk, A. F., 1SJ9. — “ Beobaehtungon auf Naturhistorischen lieisen/ 5 Berlin. 

Schwkiggjbr, A. F., 1820. — “liandbuch der Naturgeschichte der skelettlosen uugeglio- 
derten Thiere/" Leipzig. r 

Smut, F. A., 1868. — “ Kritisk Fbrteckning diver Skandinaviens Hats-Bn-azoer/* iii., 
Ofv. K. Vet.-Ak. Fdrh. xxiv. 1867, p. 279. 

Woodward, 11. B., 1903-1922. — Catali»gue of the Books, Manuscripts, Maps and 
Drawings in the British Museum (Natural History), vols. i.-v. and Suppl. 
iThis work contains much valuable Bibliographical information with regard to 
dates of publication.) 


B. Nomenclature. 

Aeaniarchis, Lainouroux, 1816, p. 132. — Gcuosyntypes, A . neritim (L.) and A . den- 
tata, Lamx., n. sp. Genolectotype, Aeamarehis neritina ( Serttdaria neritina, L., 
1758, p. 815), a selection which may be considered to have been made by 
Schweigger, 1819, Tab. 8 ; 1820, p. 429 ; with erroneous citation as 

ne retina. It* may be noted that D’Orbignv (1852, F. F.T. C. p. 323) gives 
1812 as the date of introduction of Aeanuirchis ; but his synonymy on the 
following page shows that he referred to Lainouroux, 1816. 1 regard 

Acamarchi* as a synonym of Buyula , Okcu, 1815, in accordance with the 
practice of most modern authorities* 

Aetna, Lamouroux, 1812, p. 184.— Genotype (the only species), Aetna angxdna (Sertu- 
laria anguina, L., 1758, p. 816). 

Aeteopaie, Boeck, 1862, Forh. Vid.-Selsk. Christiania, Aar 1861, p. 49 (also given as 
Aetiopsin ). — Genotype (the only species), Aeteopsis ehngata, Boeck, n. sp., 
which is regarded by Smitfc, 1868, p. 280, as a synonym of Aetna truncata , 
Landsborough. Synonym of Aetna, Lamouroux, 1812. 

Aetioptii * — See AnUopeit. 
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Alysidium , Busk, 1852% p. 13. — Genosyn types, -4. jfHtrasiticum, Busk, n. sp., and 
Eucratea lafontii , Audouin, 1820, p. 242; 1828, p. 74. Geuolectotype, 
Alysidium parasiticum, see Norman, 1909, J.L. S. xxx. p. 295. 

Amastigia , Busk, 1852% p. 40. — Genotype (the only species), AmasHgia nrnht , Husk, 
n. sp. 

Anderssonia , Kluge, 1914, p. 617. — Genotype (the only species), Anderssoniu antarc- 
tic «, Kluge, n. sp. Synonym of Amastigia , Busk, 1852 ; but pre-occupied by 
Andersonia, Boulenger (Pisces), 1900, A. M. N. H. (7) vi. p. 528, uud by 
Anderssonia, Strebel (Molluscs), 1908. Wiss. Ergebn. Hchvved. Siidpolar-Exp. 
vi. 1, p. 12. 

Anguinaria , Lamarck, 1816, p. 142.— Genotype (the only species definitely men- 
tioned), Anguinaria spatulata , Link., nom. nov. Lamarck gives Sertularia 
anguina , L. (1758, p. 816) as a synonym, from which it appears that the 
introduction of a new trivial name was unnecessary. Hincks (1880, p. 2) 
states that Anguinaria was mentioned, but not defined, by Lamarck in 1812 ; 
but on consulting this work (Extr. Cours Zool. Mus. Paris, p. 24) it is found 
that Lamarck did no more than mention the generic name in the French 
form u Anguinaire.” Synonym of Aetea , Lamx., 1812. 

Angularia , Busk, 1881, Q. J. M. S. xxi. p. 14. — Mentioned as an abyssal genus with 
a web-like expansion at the angle of most of the bifurcations. No species is 
indicated, and the genus does not seem to have been referred to by Busk in 
any lator work. 

Avicdla , Van Beneden, 1848, Bull. Acad. roy. Belg. xv. 1, p. 74. — Geuosvn types, 
5 species, all referable to Bugula , Oken, 181 5. As this is the case, there seems 
to be no object in selecting a genotype, which it would be difficult to do in 
view of uncertainty as to the identification of some of tho species described. 

Avicularia (Thompson, M8S.), Gray, 1848, pp. 105, 346. — Genotype (the only 
species), Avicularia Jlabellata (Thompson, 3188.), Gray, n. sp. Synonym of 
Bugula , Oken, 1815; but pre-occupied by Avicularia , Lamarck (Arachnids), 
1818, An. s. Vert. v. p. 107. 

Bactridium , Iteuss, 1848, Naturwiss. Abhandl. (Haidinger), ii. p. 55. — Genosvntypes, 
B. hagenowi , Beuss, n. sp., and 3 other fossil species. Genolectotype, selected 
by D’Orbigny, 1852, P. F. T. C. p % 363, and A. S. N. (3) xvii. p. 289, Bactridium 
hagenowi. This species does not seem to belong to the Cellularine assemblage, 
but the other three species described by lleuss were regarded by D’Orbigny as 
species of Canda . 

Bemia , Johnston, 1840, A.M. N. H. v. p. 272.— Genotype (the only species), BeatUa 
mirabilis , Johnst., n. sp. See also Johnston, 1847, p. 371. 

Bicellaria i de Blainville, 1830, p. 428; see also 1834, p. 459. — Getoosyntypes, 
7 species, including 44 JBL ei Uata, Ellis* 1 (< Sertularia citiata , L., 1768, p. 815). 
In bis revision of genera, Gray (1848, p. 112) includes B . cilinta by itsalf in 
Bieettaria ; and, although be gives no diagnosis, by placing Sertularia dUata, 
L., at the head of his synonymy, he may fairly be considered to have indica t ed 
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Bicellaria ciliata as the genotype. Pre-occupied by Bicellaria , Macquart 
(Diptera), 1823, Keo. Trav. Soc. Amat. Sci. Lille, Annies 1819-1822, p, 155, 
and replaced by Bicellariella , Lev., 1909 (q. v.). See also Bugula. 

Bicellariella , Levin sen, 1909, p. 431. — Proposed to replace Bicellaria , de Blainville, 
1830, pre-occupied (see Bicellaria ), with genotype Bicellariella ciliata (see 
p. 110). 

Bice Marina, Levinsen, 1909, p. 99. — Genotype (the only species), Bicellarina alderi 
(Bicellaria alderi , Busk, 1860, Q. J. M. 8. viii. p. 213;. 

Biftvns , MacGillivray, 1860, Trans. Phil. Inst. Yict. iv. p. 163. — Proposed to replace 
Dimetopia , Busk, 1852, at Dr. Mueller’s suggestion, on the ground that 
Dimetopia is used in Botany (Urn bell iferae). The alteration is not required by 
the accepted rules. 

Brettia t Dyster, 1858, Q. J.M. 8. vi. p. 260. — Genotype (the only species), Brett ia 
peUucida , Dvst., n. sp. 

Buy it la , Oken, 1815, p. 89. — Genosyntypes, Cellularia mritina , Cell, ciliata . and 
Bufjula avindaria (authorities not cited). Linnieus (1758, p. 809) founded 
tier talar ia avicularia primarily on the bieerial species figured by Ellis (1755, 
pi. 20. fig. A), and to this species the Liunean name i$ now restricted; but he 
also included the pluriserial species of the same author (<. cit . pi. 38. 
fig. 7). though wrongly citing the Plate as 28. Gray (1S4S) made £>. aviev- 
laria ( s . §lr.) the genotype of a new genus, Bxujuhna (p. 114), while (p. 106) 
he described the pluriserial species of Kllis, whose Plate is wrongly cited as 
58, as Avicularia Jfabdlata (Thompson, MSS.), A.jlabellata being the genotype. 
He appears to have overlooked the fact that Oken described C. avicularia us 
having its 2i>cecm in 3 or 5 series, as he includes Oken s species in his synonyms 
of Bufjxdina avicularia , w hereas it should pi operly ha\e come under A cicidaria 
flabellata . B. neritina , B. avicularia, and B. flabrllata are congeneric, what- 
ever the generic name adopted for them. 

In 1819 Sehweigger made Sertidaria neritina , L., the genotype of Aca yna redds 
(q. v.), to which 8. avicularia , L.,and Aviadaria ftaMlata (Thompson, MSS.), 
Gray, might also be considered to belong. This would necessitate regarding 
S . ciliata , L., as the genotype of Bwjula , a course w hich would introduce the 
greatest confusion into nomenclature, i regard this as an iustance in which 
it is essential to disregard the strict application of the ltules of Nomenclature 
and to accept Hincks’ selection (1880, p. 75) of Btu/ttla neritina as the geno- 
type of Oken’s genus. As this species is also the genotype of Acamarchis , it 
becomes necessary to choose between the two genera. I give the preference 
to Buraia, partly because it antedates Acamarchis by a year, and partly 
because it has been universally accepted. As a further motive, it may be 
pointed out that A. neritina , iu its typical form, is devoid of avicularia, and 
that certain writers have aocepted Acamarchis as a genus differing from 
Buqula by the absence of these organs. See also Bicellaria. 

Bugutaria, Levinsen, 1909, pp. 99, 108. — Genotype (the only speoies), Bugularia die - 
Hmilie (Carbasea dimmilie , Busk, 1852% p. 51). 
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Bugulella, Verrill, 1879, Amer. J. Sci. Arts, (3) xvii. p. 472.— Genotype (the only 
species), Bugulella fragilis , Terr., n. sp., described as allied to Bicellaria and 
perhaps to Brettia. 

BuguUna , Gray, 1848, p. 114. — Genotype (the only species), Bugnlina avicularia 
( Sertularia avicularia , L., s. str.). The form indicated by Gray is the biserinl 
species of Ellis (1755, p. 36, pi. 20. figs, a , A), to which the trivial name of 
Linnaeus is now restricted. See Bugula, of which this genus is a synonym. 

Bugulopsis, Terrill, 1880, Proc. TJ.S. Nat. Mus. ii. (1879), p. 190. — Genotype, selected 
by the author, Bugnlopsis peachii (Ceflularia peaehii, Busk, 1851, A.M. N.H. 
(2) vii. p. 82). Synonym of Tricellaria , Fleming, 1828. 

Caherea , Lamouroux, 1816, p. 128. — Genosyntypoa, C. pinnata and (7. dkhotoma , 
Lamx., n. spp., both from “ Australasie.” Genolectotype, C. dkhotoma , sec 
Schweigger, 1819, Tab. 9; 1820, p. 430 ; and Gray, 184S, p. 147. 

Caheriella , Levinsen, 1909, pp. 134, 135. — Genotype (the only species), Ctthrrklla 
henemunita ( Menipea henemnnita , Busk, 1884, p. 19). Synonym of Amastigia, 
Busk, 1852. 

CaheroideSy Canu, 1908, Ann. Paleont. iii. p. 87 (S3, sep.).— Genotype, selected by 
the author, Caforoides canulkulata , Canu, u. sp. The genus is described as 
resembling Caberea and also members of the Lepralioid scries (Hippoporinac). 

Camptoplites *, n. gen. — Genotype, Camptoplites bicornis (Bugula bicornis , Busk, 
1884, p. 40). I propose this genus for Sect, ft of Bugula as given in Busk's 
‘ Challenger 9 Bcport, 1884, p. 37, with the following diagnosis: — 

Zoarium stalked, the stalk prolonged basally into an attaching tuft of 
rootlets. Zocecia biserial or pluriserial, narrow prox ini ally, the opesia 
occupying most of the expanded distal portion. Proximal ends of the 
zocecia not forked. Avicularia borne on long, flexible stalks, which usually 
exceed the head of the avicularium in length. Operculum distinguishable, 
ovicells well developed. 

The peculiarities of the avicularium and tbo absence of a forked proximal 
end in the zocecia seem to justify generic separation for this assemblage of 
forms, W’hich aro characteristic of abyssal depths and of the Antarctic area. 
In addition to the type-species and B. reticulata , described by Busk in his 
original account, the following species are referable to Campioplites : — 
Bugula tricornk , Waters, 1904, Bclgica” Bryozoa, p. 23 ; and the following 
species described by Kluge (1914 ): — Bugula buvmis , vars. (pp, 619-624), 
B . areolata (p. 627), Bugula Bp., var. variospinosa , nov. (p. 628), B. multi - 
spinoea (p. 628), B. retiformis (p. 629), B . lewaldi (p. 630), B.gigantea (p. 630), 
B. an<fusta (p. 631), B. abywcola (p. 632), and B. lata (p. 634), Kl. t n. spp. 

Canda, Lamouroux, 1816, p. 131. — Genotype (the only species), Canda arachnoid «t, 
Lamx., n. sp. 

* Kftftimfc, flexible ; faXlnp, an armed man $ in allusion to the long, flexible etalk of the 

avicularium. The genus is masculine. 
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Carbasea, Gray, 1848, pp. 105, 146. — The only species is Carbasea pdpyracea , but 
the synonymy includes the following species : — (1) Eschara papyrea , Pallas 
(1766, p. 56), from the Mediterranean, still known by Pallas’ trivial name; 
(2) Flustra carbasea , Ellis and Solander (1786, p. 14), from Aberdeen and 
Edinburgh. By the rule of absolute tautonymy the genotype is F. carbasea , and 
this conclusion is confirmed by Gray's mention of specimens from Northumber- 
land and Scarborough examined by him in the British Museum Collection. 
The genotype has been renamed C.solanderi by Norman (1903, A.M. X.H. 
(7) xi. p. 582), but there appears to be no valid reason for rejecting its original 
name, which should accordingly stand as Carbasea carbasea (Ell. and Sol.). 

Vaidibuyula , Verrill, 1000, Trans. Conn. Acad. x. p. 593. — Genotype, selected by 
the author, Caulibugula armata , Verr., n. sp. Apparently a synonym of 
Stirpariella (</. v.) m 

Cellaria , Ellis and Solander, 1786, p. 13. — Geuosyntypes, 1.3 species, referable to 
about 13 modern genera. Thirteen of these species are identical with 
species included by Pallas in Cellularia (q. v.), us is shown by the identical 
citations, by both authors, of the work of Ellis (1755). It has geneially 
been ussuuied thut Cellar ia was a gratuitous alteration of Cellularia ; but 
Ellis and Solander do not refer to Pallas, and it seeftns possible that their 
arrangement was an entiiely independent one, based on the works of Ellis 
and Linmcus. 

In 18Ui Lamarck (Syst. An. s. Vert. p. 382) defined Cellaria nearly in its 
modern sense, including two species only : — (1) C. salicornia , with synonyms 
C . farciminoides , Ell. and Sol. and Tubularia Jistulosa , L. : (2) C. cirrata , Ell. 
and 8ol,, which later became the genotype of Menipea [q. v m ). He placed 
C. salicornia alone in the first Section of the genus, distinguished by having 
%< Articulations couvertes de cellules dans tous les sens.” Under Cellaria 
Lamouroux (18] 6, p. 125) moreover writes: 44 J'ai conserve le nom de Cellaire 
au groupe dont les Poly piers nvoieut pour type le Cellaria Salicornia” 

1 think this is a case in which the strict La>v of Priority should be set on 
one side, in view of the undoubted inconvenience of reverting to the earlier 
name. Norman (1903, A. M. X.H. (7) xi. p.577) suggested a return to 
Cellularia , pointing out that Cellaria is to be regarded as an absolute synonym 
of that genus. But, on the other hand, Cellaria had already acquired a 
definite signification, which it has since retained ; and this cannot be said of 
Cellularia, which has been used in the most various senses, and should, in 
my opinion, be discarded. In this respect 1 am in agreement with the 
conclusions of D’Orbigny (1851, P. F.T.C. p. 27), 8mitt (1868, p. 383), 
HinckB (1880, p. 104), Waters (1897, J. L. S. xxvi. p. 3), and others. The 
genotype is Eschara Jistulosa , L., of which C. farciminoides , included in Ellis 
and Solonder’s original aocount, as well as Cellularia salicwnia (pars), Pallas, 
selected by Lamouroux (1816) as the genotype, are synonyms. 

The identification of the species to which the Unnean name Jistulosa 
properly belongs requires further consideration, and the conclusion at which 
I have arrived is not the one ordinarily accepted. Eschara Jistulosa was 
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introduced by Linnaeus (1758, p. 804) in his 10th Edition, with references 
to Ellis (1755, p. 48, no. 1, pi. 23. fig. A), followed by citations of Bauhin, 
Bay, Flukenet, and Barrelierus. In his 12th Edition (1707, p. 1302) 
Lin tubus describes the same species as Tubxdaria fistulosa , with one or two 
additional citations. Pallas (1766, p. 81), in introducing Gdlalariit 
salicornia , gives all the citations of Linnaeus (1758), with others, but he 
includes two species under one name. Ellis and Soltrader (1788, p. 26) 
describe Ctllaria farciminoides, , with citations of Ellis (p. 46, pi. 23) and of 
2\ibularia fistulosa, L., 1767. It is quite clear that the three trivial names, 
of Linnaeus, Pallas (in part), and Solander, respectively, refer to one and the 
same species. 

The examination of the original works cited by Linnaeus in 17o*s shows, 
however, that his synonymy is open to a good deal of criticism. The figures 
of Ellis refer unquestionably to a species of Ctllaria as here understood. 
Bauhin and Cherler (1851, Hist. Plant, iii. p. 811) describe two forms, a 
coarser species, from the Adriatic, and a more slender “ varietas,” of which 
the locality is not given. The coarser species, to which Linnaeus expressly 
limits his reference (“ Corallina fistulosa fragilis crassior ”), shows projections 
on the intemodes which suggest the produced peristomes of 'Ynbucellaria, to 
which genus I have little doubt that it belonged. The slenderer species was 
probably a Celhtria. Ray (1686, Hist. Plant, i. p. 65) quotes Bauhin and 
Cherler verbatim , without giving additional information. Plukenet (1696, 
Almagestum Botanicum, p. 118, pi. 26. fig. 2) also cites Bauhin and 
Cherler. His figure might refer to a Ctllaria , but his collection is in the 
Bloane Herbarium at the British Museum (Natural History), and his 
specimen, preserved in Vol. 95, Fol. 194 of that Collection, is a Coralline 
Alga. Barrelierus (1714, Pianist 1 per Gallium, Hispaniam et Italian* observatie, 
p. 121) quotes Bauhin and Cherler and Ray. He describes and figures a 
coarser and a slenderer form, but the coarser species may be an Alga, 
although the other is probably a Ctllaria . In view of these discrepancies 
and uncertainties it is necessary’ to regard the citation of Ellis, the first on 
the list, as the one to which Linnaeus’ name really refers ; and this conclusion 
is confirmed by the fact that he consistently made use of Ellis’ admirable 
figures in describing branching Polyzoa, many of his species being introduced 
with a citation of Ellis and of no other author. 

Ellis explicitly states that there are two species of his “ Bugle Coralline,” 
and he is equally definite in explaining that his figures a, A, B, and C belong 
to the “ larger Bugle Coralline.” I), the remaining figure on his Pl. 23* 
appears to belong to the same species, though this is uot stated quite so 
definitely. The mere question of size indicates that Ellis’ figured species is 
the one usually described as Ctllaria sinuosa , and that Ellis’ smaller species is 
the C. fistulosa of Hineka and of other modem authors. 

C. sinuosa was introduced, as Fardma sinuosa , by Hassell (1840, A.M.N.H. 
vi. p. 172, pl. 6. figs. 1, 2), who expressly states that it is larger than what 
he calls F. salicornia (Ellis’ smaller species), and that it is distinguished by 
having its apertures in the upper third of the eell. This character is dearly 
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shown by ElKs in his figs. B and D. H assail later (1848, A. M. N. H. xi. 
p. 112) altered the name of his species to F. spathulosa . 

In regarding Cellulana fistulosa as the genotype of the genus I om obliged 
to accept the following synonymy : — 

1. CELLARIA FISTULOSA (L.). 

Larger Bugle Coralline, Ellis, 1755, p. 46, pi. 23. figs, a, A-I). 

Eschara fistulosa , L. 1758, p. 804. 

Celhdaria salieornia (pars), Pallas, 1766, p. 01. 

Tubulttria fistulosa , L. 1767, p. 1302. 

Cellular ia farciminoides , Ellis and Solander, 1786, p. 26. 

Tubularia salicornis (fistulosa) ( Cellaria salicomea , Pall.), Esper, between 
1805 and 1810, Pfianzenth. iii. p. 103, Tubularia , pi. 2. figs. 1-4 (figures 
poor, but Ellis cited in synonymy ). 

Salt co maria dichotoma , Schweigger, 1819, Tab. 8: 1820, p. 428. 

Farcimia sinuusa, ilassull, 1840, A. M. N. H. vi. p. 172, pi. 6. figs. 1, 2. 

Farcimia spathulosa , H assail, 1843, A. M. N. 11. xi. p. 112. 

CeUaria sinuosa , II lucks, 1880, p. 109. 

(nee Cellaria fistulosa, Hincks, J880, p. 100; and of other authors.) 

2. Cellaria salicornia (Pallas). 

Celhdaria salicarnia (par# ). Pallas, 1760, p. 61. 

? Cellaria salicomioiile *, Lamouroux, 1810, p. 127. 

Saiicornaria fare imim tides, Johnston, 1847, p. 355. 

Ctdlaria fistidosa, Hincks, 1880, p. 106; el auett. 

Pull ns divided C. salieornia into two Sections: — (a) the larger Bugle 
Coralline, as shown by his citation of Ellis, PI. xxiii.; (/9) a more slender 
form, characterized in his synonymy as “subtilior” and “tenuior,” in contrast 
with “ crass ior ” of his first Section. He gives Eschar a fistulosa, L., as a 
synonym of ji , but this was not admissible, in view of Linmeus’ citations of 
Ellis’ figure of the larger Bugle Coralline and of the “Corallina fistulosa 
fragilis crassior" of Bauhin and Cherler, emphasizing the fact that he had 
the coarser form in mind. This conclusion is not modified br reference to 
Linmeus’ “ Fauna Bvecica,” 1761, no. 2232, which Pallas wrongly cites as 
2234. Pallas includes Ellis “Angl. Bugle Coralline ” at the end of his 
Sect, fi, and this may be taken as the determining factor. As bis trivial name 
is not applicable to the larger Bugle Coralline, it may be used for the smaller 
form. The adoption of C. mdicormoidt s for this species would be opeu to some 
uncertainty, as though Lamouroux also had a slender species in view, the 
locality, presumably of specimens in his own collection, is given as Mediter- 
ranean. This suggests the possibility that his specimen, if it exists, may 
prove to belong to (7. (Ndlia) johmoni, Busk (1858, Q. J. M. 8. vi. p. 125), the 
typical locality of which is Madeira, and not to C. fistulosa, auett. 

Cdlarina, Van Beneden, 184$, Bull. Acad, Hoy. Belg. xv. 1, p. 70. — Genosyntypes, 
C, gracilis and C. scabra , Van Ben., n. 8pp., and Crisia ddilii , Audouin, 1826, 
p. 242. Norman (1903, A.M.N.H. (7) xi. p. 579), who had examined a 
fragment of Van Beneden’s type-specimen of the first specks, described it as- 
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Menipea gracilis , but admitted its identity with CeUuiaria ternata , forma 
gracilis , Smifcfc (1868, p. 283). Whether (7. gracilis is to be regarded as a 
species or as a variety, it clearly belongs to Trictllaria , Fleming, 1828 ; while 
the other two species are referable to Scrupocellaria , Van Beneden, 1845. 

Cellar ina, D’Orbigny, 1861, P. F. T. C. p, 181 ; see also 1852, A. 8. N. (3) xvi. 
p. 336. — Genosyntypes, two fossil species. Pre-oocupied by Cellarina, Van 
Beneden, 1848. 

• Cdlulana , Pallas, 1766, p. 58. — Genosyntypes, 18 species, referable to about 
12 genera. The name has been used by many modem authorities, but in the 
most various senses, and it has been impossible at present to come to auy 
agreement as to the use which should be made of it. The selection of 
C. scruposa as the genotype, by Vorrill (1880, Proc. U.8. Nat. Mus. ii. (1873) 
p. 190) is invalidated by the fact that this species was already the genotype 
of Scrupocellaria , Van Beneden, 1845. 1 consider it desirable to suppress 

CeUuiaria in favour of Cellaria (q. v.). 

Cercaripora , Fischer, 1866, C. 11. Acud. Sci. Paris, Ixii. p. 987 ; Nouv. Arch. Mus. Hist. 
Nat. ii. p. 312. — Genosyntypes, Angumaria traucaia, Landsborough, 1852, 
Hist. Brit. Zooph. p. 288; Acita Ugulata , Busk 2 , p. 31 ; and Aetea argillacea , 
Smitt, 1866, Gfv. K. Vet.-Akad. Forh. xxii. (1805) p. 29. The genus was 
placed in a different Family from that containing Aetea , which Fischer 
restricted to Sertularia anguina , L. (1738, p. 816) ; but later authors have 
regarded it as a synonym of Aetea , of which this species is the genotype. 

•Chaperia, Jullien, 18S1, Bull. Hoc. Zool France, vi. pp. 163, 1 64.— Although the 
author mentions Membranipora (Stcganoporella) magnilabris , Busk (1854, 
Brit. Mus. Cat. ii. p. 62), as belonging to Chaperia , the genotype selected by 
him on p. 164 is Chaperia 'australis, nora. nov., to replace M. spinosa, 
a and G., as quoted by Busk (1879, Phil. Trans, vol. 168, p. 195), in 
describing specimens from Kerguelen. Jullien gives a description of 
C. australis , from specimens obtained at the Cape of Good Hope. But Busk's 
citation was a mistake, the species described by (Juoy and Gaimard (1 »24, 
Zool. Voy. Uranie et Physiciemie, p. 605) from the Falkland Js. having been 
named by them Flustre dpineuse, Flustra acanthiua ; see Waters, 1898, 
J.L.S. xxvi. p. 673; see also Marcus, 1922, Gdteburgs K. Vet.- och Vitt.- 
Samh. Handl. (4) xxv. p. 6. Jullien’s name australis w'as proposed on the 
ground that spinosa was pre-oecupied ; but if C. australis is synonymous with 
Quoy and Gaimard’s species, the name of the genotype should be Chaperia 
acanthiua (Q. and G.). 

Ohartdla, Gray, 1848, pp. 104, 145.— Genotype (the only species), Chartella 
papyracea (Flustra papyracea, Ellis and Solander, 1786, p. 13). 

‘Ohaunosia, Busk, 1867, d. J.M.S. (n.s.) vii. p. 241. -Genotype (the only species), 
Chaunosia hirtissima , Busk, n. sp. Although Busk expressly marks his 
species as “n. sp.,* he adds that it is not unlikely to be identical with 
Diachoris hirtissima , Heller (1867, Verh. Zool.-Bot. Ges. Wien, xvii. Abhandl. 
p. 84). Synonym of Heania, Johnston, 1840. 
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Chlidonia , Lamouroux, 1824, p. 102. — Lamouronx states that Savigny’s species (see 
below) appears to be the Vortieella pohjpina “ des auteurs,” and the author 
he had specially in mind may well have been Esper, who uses this name in 
Th. ii. of the Forsetz. d. Pflanzenth., Vortieella , PI. 1. figs. 1, 2. The text of 
this part of the u Fortsetz ongen 99 ends with p. 48, and it contains no 
description of the plate in question. It was published in two Lieferungen, 
9 and 10, in 1798 and 1806, respectively. The plate presumably appeared 
between 1798 and 1810, the date ol‘ Esper s death. 

The name “ Chlidonies ” was used by Savigny (Description de l’£gypte), at 
the foot of his PI. 13, in which figs. S’-iP give admirable representations of 
what is almost certainly the same species as Vortieella polyjAna , Esp. 
Audouin, in his “ Explications ” (1826, p. 243) of Savigny’s plates, did not, 
however, accept Bavigny's name, as he describes the species figured as 
Eucratea eordieri . Lamarck (1816, p. 140) introduced a new name, Cellnria 
vesiculosa , with Vortieella polypina, Esp. as a synonym, but with a query; and 
Hammer (1829, in Esper, Pflanzenth. iii. Lief. 16, p. 255) uses Eucratea 
vesiculosa in describing Espers plate. Lamarck’s trivial name antedates 
Audouin’s, but Bertoloni (1810, Bar. Ital. Plunt., I)ecas Tertia, p. 112; see 
also 1819, Amoen. Ital. p. 273) had previously described the same species 
as Cdlaria pyriform is, in both papers giving a recognizable description of 
Chlidonia, based on actual specimens. His 1810 synonymy refers to Vortieella 
polypina, L. (1767, p. 1317), an Infusorian. In 1819 he cited Espers figures, 
thereby making his descriptions more intelligible ; while by rejecting his 
earlier synonymy he furnished a justification for the introduction, otherwise 
invalid, of a new trivial name in 1810. 

The genotype thus appears to be Chlidonia pyriformis (Pert.), of which the 
other names indicated above are synonyms. Chlidonia , Laiux., 1824, ante- 
dates both Chlidonia, Hiibner, 1825-1826* (Yerz. bekannt. Schmctterl.p. 393) 
and Chlidonia, Her rich -Schaffer, 1838 (in Panzer, Deutschl. Inseclen, Heft 
157), two genera of Insects. Chlidonias was introduced by Rafiiiesque, 1822 
(Kentucky Gazette, xxxvi. (8) p. 3), and this name is regarded as valid by 
Ornithologists. There seems to be no inconvenience in retaining Chlidonia 
for Polyzoa, in spite of its close resemblance to the name of a genus of Birds. 

Cinefosciatt , von Martens, 1879, Zool. Rec. for 1877, xiv. Molluscoida, p. 94. — An 
emendation proposed by von Martens, in recording the introduction of 
Jvinetoskias (q. v.\ Although the name might have been thus spelt it is 
undesirable to alter the accepted original form. 

Columnaria , Levinson, 1909, p. 116. — Introduced for Columnaria horealis, n. sp., and 
all the species of Fareim inaria described by Busk (1884, pp. 48-51), except 
F. atlantica. No genotype was selected, but this is of small importance, since 
the name is pre-oecupied, in Anthozoa, by Columnaria , Goldfuss, 1826, Petr. 
German, i. pt. 1, p. 72 (for date of publication see Woodward, vol. ii. p. 692). 
I prefer not to suggest a new name without making a study of the species 
involved. 

* For the date of publication see Proc. iv. Int. Congr. Zool. (Cambridge, 1898), 1 899, p. 299. 
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Cornueopina , Levinsen, 1909, pp. 98, 109. — Levinson spates that this genns includes 
most of the specieB of Bicellaria , auctt., but the only species he definitely 
refers to it (pp. 110, 372) are Bicellaria g randis , Bask (1852 1 , p. 374 ; 1862“, 
p. 42) and B. infundibulata , Busk (1884, p. 33). Of these the latter is 
exceptional in certain characters, and I think it more convenient to select 
Cornueopina grandi a as the genotype. 

Corynoporetln, Hincks, 1888, A.M.N. H. (0) i. p. 215. — Genotype (the only species), 
Corynoporella tenuis , Hincks, n. sp», described as allied to Bugula, 

* Cothurnicella , Wyville Thomson, 1858, Nat. Hist. Rev. v., Proc. of Societies, p. 141. — 
Genotype (the only species), Cothurnicella itodala, Wyv. Thoms., n. sp., a 
synonym of Cdlaria pyriformis , Bert., the genotype of Chlidvnui f Lamx., 
1824.* 

• Craspsdozoum , MaoGillivray, 1886, Trans. Proc. R. Soc. Viet. xxii. p. 131. — Geno- 
syntypes, Mtmbranipora roborata, Hincks (1881, A. M. N. H. (5) viii. p. 128) ; 
( 7 . ligulatum , C . spicatum , MacG., n. spp., and Flustra membraniporides , Busk 
(1884, p. 54). As 1 regard this genus as a synonym of Alenipea , Lamx., 1812. 
it seems unnecessary to select a genotype. 

CrepiSf Jullien, 1882, Bull. Soc. Zool. France, vii. p. 522. — Genotype (the only species), 
Crepis longipes, J ull., n. sp. 

Crisia, Lamouroux, 1812, p. 188. — Genoa vntypes, Sertnlaria ehumea , L. (175 y , 
p. 810), a Cyclostomo, and 5 species of Cheilostomes, including Sertularia 
ciliata, L. (1758, p. 815). Under Eucratm I suggest ignoring Sckwcigger's 
selection of C. ciliata as the genotype. If this proposal is accepted, it will be 
possible to consider that Fleming(1828, p. 540) selected Crisia ehumea as the 
genotype, by including it, with another species not appearing in Lamouroux's 
original account, in Crisia with an amended diagnosis. 

* Crisularia , Gray, 1848, pp. Ill, 147.— Genotype (the only species), Crisulana 
fastigiata (Sertnlaria fastigiata, L. 1758; p. 815 = Cellular ia phrnosa , Fallas, 
1766, p. 66). Synonym of Bugula , Oken, 1815. 

Dendrobeania , Levinsen, 1909, pp. 99, 113. — Genotype (the only species), Dentfro- 
bsania mutrayana { Flustra murrayana (Bean, MRS.), Johnston, 1847, p. .‘147. 
Synonym of Bugula , Oken, 1815. 

Diachoris, Busk, 1852 1 , p. 381. — Genotype (the only species), Diachoris crotali, Busk, 
n. sp. See also Busk, 1852 s , p. 54. Synonym of Scania, Johnston, 1340. 

Diachoseris , Ortmann, 1889, Arch. f. Naturg. lvi. i. p. 25. — The name appears to be a 
misquotation of Diachoris , Busk, 1852. The following species are included 
Diachoris magellanica , Bask (1852 s , p. 54), Diachoseris discodcrmiec, and 
D. heataceras, Ortm., n. spp. Synonym of Scania , Johnston, 1840. 

Didymia, Busk, 1852 1 , p. 383,— Genotype (the only species), Didt/mia simple a,*, 
Bk., n. sp. See also Busk, 1852 s , p. 35. The genus being preoccupied, in 
Hymenoptera, by Didymia, Le Pelctier and Serville, 1825, Encycl. Method, x. 
(Entomologie), p. 574, 1 propose to replace it by Didymozoum, nom. nor., with 
the genotype Didymozmm s implex (Busk). 
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Duhjmozoum, nom. nov. — See Didymia. 

Dimetnpia , Busk, 1852 l , p. 384. — Genosyn types, D . spicata and D. cornuta , Busk, 
n. spp. See also Busk, 1852 2 , p. 35. In 1909 Prof. A. Billard submitted to 
me a specimen of Dynamena barbate Lamx. (18] 0, p. 178), from Lamouroux’ 
type-collection at Caen ; and 1 convinced myself that I). spicata, Busk, was a 
synonym of this species (see Billard, C.lt. Acad. Sci. Paris, 1909, cxlviii. 
p. 1064). In the apparent absence of an earlier selection I propose Dime - 
topi a cornuta as the genotype. It appears to me preferable to select a species 
of which good figures were published by Busk, rather than to choose D . barltata , 
the identification of which with 2). gpicata rests merely on my own authority. 

J)t morj ikozoum , Levinson, 1909, pp. 90, 107. — Genotype (the only species), 
Dimorphozoum nobile ( Fluslra nobilis , Hincks, 1891, A, M. N.H. (6) vii. 

p. 288). 

Diplodidymia , Iteuss, 1869, Sit/.b. Akad. Wise, math.-nat. Cl. lix. i. Ahth. p. 468. — 
Genotype (the only species), Diplodidymia complicate , Reuse, n. sp. Synonym 
of PorhcMana , D'Orbigny, 1852. 

Dittosarin , Busk, I860, Geol. Mag. iii. p. 301. — Genotype (the only species), 
JHttosaria ir ether ellii y Busk, n. sp., a fossil, from the London Clay, perhapB 
allied to Sectularia loricate , L., the genotype of Eucratea (7. t«.). 

Emma, Gray, 1843, p. 293. — Genotype (the only species), Emma crystalline , Gray, 
u. sp. Gray gave no generic diagnosis, but this was done by Busk, 1852 \ 
p. 372, and 1852% p. 27. 

Epistomia , Fleming, 1828, p. 541. — Genotype, selected by the author, Epistomia 
hursuria ( Sertu facia bttrsaria y L., 1758, p. 814). See Gregory, 1893, Trans. 
Zool. Soc. xiii. p. 227. Sec also Xotamia. 

Erina , Canu, 1908, Ann. Mus. Nac. Buenos Aires (3) x. p. 278. — Genotype, selected 
by the author, Erina patayonica , Canu, 11. sp., placed in Meliceritidae. Pre- 
occupied by Erina, Swain son, 1833, Zool. Illustr. (2) iii. pi. 134 (Lepidoptera). 

Eucratea f Lamouroux, 1812, p. 183. — Genosyntypes, Cellaria cornuta (Sertularia 
cornuta , L., 1758, p. 810) and C. loricate {Sertularia loricate , L., 1758, p. 815). 
In the same Memoir Lamouroux introduced the genus Crista (7. t».). Each of 
these genera included one species, S. cornuta and S. eburnca respectively, 
belonging to Crista a a universally understood at the present time. It is 
unfortunate that Schwcigger (1819, Tab. 8; 1820, p. 429) indicated 
S. cornuta as the genotype of Eucratea , and S. ciliata as the genotype of 
Crisia ; both of Lamouroux' genera being regarded by him as subgenera of 
Cettularia . By adopting these selections Bicellar ia y auctfc., would become a 
synonym of Crisia, and Crisia, auctt., of Euct'atea. These alterations would 
be ao inconvenient and confusing that I feel justified in suggesting that 
Scbweigger’s selections should be ignored. If Crisia is to be maintained, its 
genotype must be Crisia ebumea (Linn.), and S. cornuta will fall within the 
same genus ; Eucratea lorieaia (Linn.) thus remaining as the genotype of 
Eucratea . S, chelata , L. (1758, p. 816), which haa usually been regarded as 
the genotype of Eucratea , haa no claim to this position, as it was not included 
in Eucratea by Lamouroux until 1818 (p. 149). 
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Euoratia , Fleming, 1828, p. 541.— Used by mistake for Eucratea (q. v.). 

Euoplozoum *, n. gen.— Genotype, Euoplozoutn eirratum ( Oellularia cirmla, Busk, 
1884, p. 17). 

Zoarinm erect, attached by a basal tuft of rootlets. Branches biserial, the 
zocecia large and obliquely alternating, all facing in the same direction, their 
proximal portions narrow, their distal portions expanded, the frontal membrane 
occupying the entire surface of the expanded portion. Basal walls of zooecia 
strongly convex. Branches traversed by oblique joints, each zooeoium being 
crossed by one joint near its proximal end and by another at the commence- 
ment of its expanded portion. Avicularia of two kinds, the smaller at the 
distal outer border of the zooacium, and a very large kind (present on only a 
few of the zooecia) arising from the inner border. Strong flexor zooecii 
muscles present, by which the branches are inflected. Ovioells very large. 
Bifurcation of type 6 (PI. 16. fig. 6). 

It can hardly be doubted that this very remarkable species, which was 
placed by Busk in a heterogeneous assemblage referred to Oellularia , deserves 
recognition as the type of a new genus. It was described reoently, by the 
late Miss Alice Robertson (1921, Rec. Ind. Mns. xxii. p. **19), as Kinetoskuts 
arabianensis , Roberts., n. sp. 

Euthyris , Hincks, 1882, A. M. N. H. (5) x. p. 164. — Genosvntypes, E. obtecta , Ilincks, 
n. sp., Flustra bombycina , Ellis and Solander (1786, p. 14) and Oarbasca 
episcopal™ , Busk (1852 8 , p. 52). C. episcopal is is the genotype of Euthyroides , 
Harmer, 1902. F. bombycina Ell. and Sol. (nec Busk ; see OnchoporeVa ), 
which appears to be at present unrecognizable, is the genotype of Semiflustra, 
D’Orbigny, 1852. Euthyris obtecta is thus left as the genotype of Euthyris, 
but if F. bombycina could be. recognized it would probably become necessary to 
regard Euthyris as a synonym of Semifiustra (q. v.). 

Euthyroides , Harmer, 1902, Q. J. M. S. xlvi. p. 280. — Genotype, selected by the 
author, Euthyroides episcopal™ (Carbasea ejmcopalis, Busk, 1852*, p. 52). 

Falcaria % Oken, 1815, p. 91. — Genosyntypes, Oellularia falcata (Pallas, 1766, p. 76), 
s. cornuta (Sertularia coimuta, L., 1758, p. 810), C. eburnea (S. eburnea , L., 
1758, p. 810) and C. ant/uina ( S . anguina , L., 1758, p. 816); the first two 
referable to Crisia , and the third to Aetea , two genera introduced by 
Lamouroux in 1832. Gray (1848, p. 136) selected Falcarui cornuta as the 
genotype. Synonym of Crista , Lamx., 1812, and pro -occupied in Lepidoptera 
by Falcaria, Haworth, 1809, Lepid. Britaun. p. 152; for date of publication 
of which sec Woodward, voL ii. p. 804. 

Farcimia , Fleming, 1828, p. 534. — Genotype (tlie only species), Farcimia jistulosa 
(Eschara jistulosa, L., 1758, p. 804). There is no justification for including 
Nellia oculata , Busk (see Nellia) iu this genus, as has been done by Waters 
(1887, A. M. Iff. H. (5) xx. p. 92) and others. Synonym of Cellaria, Ell. and 
Sol. 1786. 


* evoirXor, well armed. 
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Farciminariai Bask ,1852*, p. 32. — Genotype (the only species), Farciminaria aculeate , 
Busk, n. sp. 

Filicella, Searles Wood, 1844, A. M. N. H. xiii. p. 15. — Genotype (the only species), 
Filicella anguinea , S. Wood, n. sp., a Crag species, j>ossibly the adn&te part of 
a species of Aetea, 

Fistidana, 0. F. Muller, 1776, Zool. Dan. Frodr. p. 282. — In his Corrigenda (p.282), 
Muller states that Fistularia 9 introduced in the same work, is to he changed to 
Fiitulana , a course which was probably adopted because Fistularia was pre- 
occupied, in Fisces, by a Linnean genus (1758, p. 312) of the same name. 
Fis tularin was introduced by Muller, without figures, on p. 251, with the 
gen osyn types F. ramosa ( Tubularia ramosa, L., 1758, p. 804; 1767, p. 1302), 
F. m uscoides (1\ muscoides % L., 1767, p. 1302), F. simply F. longicoruis and 
F. multicomis , Miill., n. spp. In 1780, Fabricius (Fauna Groenl. p. 441) uses 
Figtulana for F. ramom and F, muscoides, quoting the diagnoses of Muller 
verbatim , in words identical with those of Linnaeus, 1767. In 1789, 
Abildgaard (in Muller, Zool. Dan. iii. p. 15) describes and figures F. multi - 
comic, quoting Mullers diagnosis, with additions. 

Of Muller’s species, the first two are llydroids, while the diagnosis of 
F. lougicomis suggests a Folychmte (Spionid). F. simplex may [>e a Ctenostome 
Folyzoon, while it seems probable, from Abildgaard's description and figures 
(pi. 90. figs. 1 3) that F. multicomis was also one of the Folvzoa. Smitt 
(1868, pp. 279, 28U) suggests that it might be identical with Aetea truncate , 
Landsborough (see Cerearipora), but he points out., as an objection to this 
conclusion, that Muller had described the tentacles as 30 in number. This is 
not quite correct, as Muller described them as being <fc ultra viginti,” and it 
was Abildgaard who stated that they were 44 ad triginta.” In an earlier paper 
Smitt (18(55, 6fv. K. Vet.-Akad. Fttrh. xxii. (1865), p. 13, pi. 3. fig. 4) had 
shown that Aetea truncate has 12 tentacles, and on this ground 1 think that 
F. multiform s cannot have been that species. Abildgaard’s figures seem more 
likely to have been taken from a species of Sohlla, Gosse ( CyVmdr&eium , 
auett. ; see Harmer, 1915, Siboga ltep. Folyzoa. i. p. 52). Fistuktna should 
be disregarded for Folyzoa. The same name wna introduced in other groups 
by Bruguiere (1789) and Lamarck (1799); see Sherborn, Index Animalium, i. 
1902. 

Ftstularia, O. F. Muller, 1776, p. 254.-— See Fistnlana, 

Flabtllaria , Gray, 1848, pp. 106, 146. — Genosyntypes, Sertularia spiralis, Olivi, 
1792 (Zool. Adriat. p. 291, pi. 6. figs. 2, a, a) and Fltistra sctacca , Fleming, 
1828 (p. 536), referable to Caberea . Bugula murrayaua was given as a 

synonym of Olivi’s species ; but the occurrence of this northern form in the 
Adriatic seems to be very unlikely, and Olivi’s species ought probably to be 
placed elsewhere in Bugula . Gray’s genus thus appears to be unnecessary. 
It may be remarked that FlabeUaria , Lamarck, 1816, p. 342, is used for 
certain calcareous Algm. 

LINN* JOTJRN. — ZOOLOGY, VOL. XXXV. 23 
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Flabellaris , Waters, 1898, J. L, 8. xxvi. p. 672.— Based on several recent species, bat 
with no clear indication which of them are to be included. Mmipea fiabellum 
(on which the generio name is obviously founded) is specially mentioned ; and 
a description is given of Membranipora rohorata , Hincks (1881, A.M. N. H. 
(5) viii. p. 128), which is referred to the genus. One of these two species 
might be selected as the genotype, but it seems unnecessary to do bo, since the 
species mentioned on pp. 672, 673 of Waters’ paper, in addition to those 
referred to by him, as given in one of his earlier papers (1897, J. L. S. xxvi. 
p. 2), can all be placed in other genera which antedate Flabellaris. 

FlabeUina , Levinsen, 1902, Vid. Medd. naturh. Foren. Copenhagen, p. 21.— An 
emendation of Flabellaris , Waters, perhaps suggested because of the 
resemblance of this name to Flabellaria , Gray, 1848. The only species 
mentioned is FlabeUina rohorata (Hincks), 1881 (see Flabellaris ); but the name 
is pre-oeoupied by FlabeUina , Voigt, 1834, Das Thierreich, iii. p. 124, used for 
a Nudibranchiate Mollusc. 

Flustra , Linnaeus, 1761, Fauna Svecica, p. 539. — The history of this name has been 
given by Lang (1917, Geol. Mag., Dec. vi, vol. iv. p. 170), who shows that 
Linnaeus deliberately altered his own genus Eschara ( 1758, p. 804) to Flustra , 
and that Flustra foliacea, Linn. (Eschara foliacea, 1758, p. 804) is the genotype 
of both genera. Although this course is not admissible under tlie Buies, I 
fully agree with Dr. Lang that it is in the highest degree desirable to suppress 
Eschara and to use Flustra in its accepted sense. It may be noted that 
Lamarck (1801, Syst. An.s. Vert, p.383) accepted Flustra, with the genotype 
Flustra foliacea, L. 

Gemellaria, Van Beneden, 1845, Nouv. Mem. Acad. Roy. Brux. xviii.p.9. — Based on 
Savigny’s name “ Gemellaires,” appearing at the foot of p). xiii (referring to 
figs. 4 l -4 5 ) of the “ Description de l’£gypte.” Savigny’s species was 
described by Audouin (1826, p.243) as Lortcaria crgyptiaca, without reference 
to the fact that Lortcaria was used for a Fish by Linnaeus (1758, p. 307), as 
pointed out by Fleming (1828, p. 541). Lamouroux (1827, p. 434) mentions 
Gemellaria , without any associated trivial name, but only to state that it is 
referable to Loricaria . Gregory (1893, Trans. Zool. Soc. xiii. p, 227) discusses 
the generic name, bnt de Blainville (1830, p. 425; see also 1834, p. 461), 
whom he quotes as the first author to mention the genus in a correct form, 
merely places Gemellaria loriculata in his synonymy of Gemicellaria loriculata , 
ascribing the combination wrongly to Savigny. The first use of the generic 
name which is completely in order appears to be that of Van Beneden, 
1845, who describes Gemellaria loriculata (Cellvlaria loriculata , Pallas, 1766, 
p. 64 « Sertularia loricata , L., 1758, p. 815); and in this sense the genus has 
been used by the majority of recent writers. Gemellaria thus becomes a 
synonym of Eucratea (q. *.). It is in any case desirable that it should drop 
out of use, since it is based on Savigny’s “ Gemellaires, 1 ' and the spades 
figured by this author is not congeneric with 8 . loricata , L. (See Synmtum) 

Gemicellaria, de Blainville, 1830, p. 425 ; see also 1834, p. 460.— Geaosyntypes, 
Gemicellaria loriculata (see Gemellaria), among the synonyms of which 



CKLLULARINE AND OTHER POLYZOA. 


311 


appears “ Gemellaria loriculata , Saviguy,” a combination which was used 
neither by Savigny nor by Audouiu ; and G. bursaria (Sertularia bursaria , L., 
1758, p. 814). These two species are respectively the genotypes of 
Bucratea, Lamx. 1812, and Epistomia , Fleming, 1828. Gemicellaria, which 
was an alteration of the genus proposed by Savigny, “sous le nom de 
Gemellaria” (really “Gemellaires ”), thus becomes synonymous with two 
genera of earlier introduction. 

JJalophila , Gray, 1843, p. 292. — Genotype (the only species), Ilalophila johnstonas, 
Gray, n. sp. (thus written, although frequently modified later, even by Gray 
himself, to johnstonicc). If this species is referred to Bugula , as I think is 
proper, Nal&phila becomes a synonym of that genus. 

Heterocella , Canu, 1907, Ann. Paleont. ii. p. 70 (sep. p. 14). — Genotype, selected by 
the author, Heterocella fragtiis ( Vincularia fragility Defrance, 1829, Diet. Sci. 
Nat. Iviii. p. 214). See also de Blainville, 1834, p. 454. 

Hcterqflustra , Levinson, 1909, pp. 124, 125. — A very unsatisfactory genus, proposed 
for those species of Ffatstra* auett., which have not been placed in other genera, 
and “ must provisionally be characterized mainly in a negative way.” This 
appears to mcun that all species not belonging to Flustra (s. sfr.), Sarsijhtstra, 
Kemlla , lletiflustrn, and Bjriralaria (genera recognised by Levinaen, p. 88), 
together with other genera such as Carbasea , Chartella , etc. (not considered 
by hitu), are to he placed in this provisional genus, which has no validity 
until it is more definitely characterized. 

JHantapora , MacGillivray, 1887, Tr. Proc. It. Soc. Viet, xxiii. p. 20S. — Genotype 
(the only species), Hiantopora ferox ( Lepralia ferox , MacGillivray. 1869, 
Ibid . ix. p. 132). 

Himantozonm *, n. gen. — Genotype, Himantozonm mirabile ( Buyula mirahilis , Busk, 
1881, tt. J. M. 8. xxi. p. 12 ; 1884, p. 39). 

1 propose this genus for Sect, a of Buyula , as given by Busk, 1884, p. 37, 
with the following diagnosis : — 

Zoarium stalked, the stalk composed of rootlets and prolonged into an 
attaching tuft of rootlets. Zooecia biserial to multiserial, the biserial branches 
composed of asymmetrical zooecia, between which are intercalated, in the 
pluriseri&l branches, one or more rows of median zooecia, which are sym- 
metrical and some of which produce eggs. The ovi cells are vestigial, and the 
egg, which is of large size, develops in the body-cavity of tbe fertile zocecium. 
Opeaia occupying all or most of the front, an operculum being distinguishable. 
Zooecia overlapping their predecessors on the basal surface, their proximal 
ends strongly forked. Avicularia unstalked, attached to the proximal ends of 
the zooecia, those of the lateral and median rows more or less unlike. 

The differentiation of median, symmetrical, fertile zooecia, as well as the 
characters of the avicularia, are strikiug features of this genus. In addition 
to the genotype, the following species may be included : — Buyula leontodon , 
Busk (1884, p. 39), A sinuosa, Busk (1884, p. 39), B . maryarili/era 9 Busk 

* bid#, a strap, in allusion to the strap-shaped branches. 

23 * 
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(1884, p. 41) and B. rinuosa, Busk, var. variabilis , Kluge (1914, p. 832), 
Most of the species are from abyssal depths, the shallowest record being that 
of Busk, 80-150 fathoms, for B. sinuom. 

The statements in the diagnosis referring to the eggs are based on the 
examination of Siboga material. B. versicolor , a member of Busk's Sect, a 
(1884, pp. 37, 38), differs from the other three species in certain points which 
appear to be important, and I do not feel justified in placing it in Himantozoum , 
although I am unable to make any other suggestion. The most important of 
its characters are the large endozooecial ovicells, the unforked proximal 
ends of the zocecia, which barely overlap their predecessors, and the absence 
of avicularia. 

Hojdiulla , Levinsen, 1909, pp. 135, 136. — Genotype (the only species), HopliteUa 
armata ( Carbasea armata , Busk, 1852*, p. 50). 

Huxleya , Dyster, 1858, Q. J. M. S. vi. p. 260.— Genotype (the only species), Huxleya 
fragilis , Dyst., n. sp. 

Jubella, Jullien, 1882, Bull. Soc. Zool. Franco, vii. p. 519. — Genotype (tho only 
species), Jubella enuchata , Jull., n. sp., described as being near Caberea, but 
differing from it by the absence of vibracula. 

KeneUa, Levinsen, 1909, p. 124. — Genotype (the only species), Kenella bis mat a 
(Flustra biseriata , Busk, 1884, p. 54). 

Kinetoskias, Danielssen, 1868, Forh. Vid.-Selsk. Christiania, Aar 1867, p. 23. — 
Genosyn types, K. arborescens and K. smithi, Dan., n. spp. In their detailed 
account, Koren and Danielssen (1877, Faun. Litt. Norv. Pt. 3, pp. 104, 109) 
describe the same two species, the latter as K. smittii , but without comment 
on the altered spelling. There can be no doubt that this species was named 
after Prof. Smitt, and the form sniithi should be considered a printer’s error. 
K. arborescens is not a completely typical member of the genus, as the stalk is 
very short and the avicularia are more Bugula - like than usual. I propose 
accordingly to regard Kinetoskias smittii as the genotype. 

Loricaria , Lamouroux, 1821, p. 7. — Genosyn types, L. enro/wa and L. americana , 
Lamx., n. 8pp., both synonymous with Eucratea lor kata t L. (< q . ?/.). Pre- 
occupied by Loricaria y L. (Pisces), as pointed out by Fleming, 1828, p. 541. 
See Qemellaria and Eucratea . 

Loricula , Templeton, 1836, Loudon's Mag. Nat. Hist. ix. p. 409. —This genus is 
usually attributed to Cuvier, who used it (1830, lteguc An. Nouv. fid. iii. 
p. 303) merely as “ Les Lcndiles," proposing it for Sertularia lorkata , L. 
(1758, p. 815), on the ground that 14 Loricaires * Lamx. (sec Loricaria) was 
pre-occupied for Fishes. The genus was used in a correct form by Templeton, 
for Loricula hricata ; and, later, by Voigt, 1843, Das Thierreich, vi. p. 248, in 
the same combination. It is synonymous with Eucratta , Lamx. 1812, with 
the same genotype, but it is pre-occupied by Loricula, Curtis, 1833, Ent. Mag. 
i. p. 197, for Hemiptera. 

Maplestonia, MacGillivray, 1885, Tr. Proc. It. 8oc. Viet. xxi. p. 92.— Genotype (the 
only species), Maplestonia cirrata , MacG., n. sp. 
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Melicerita . — The introduction of this genus by Milne Edwards (1836, A. S. N. Zool. 
(2) vi. p. 347), with only one species given merely as “ M<51icerite de 
Charlesworth,” was not strictly in order. Wearies Wood (1844 ; see Ulidium) 
quotes this as Melicerita charleeworthii , which was thus regularized, and became 
the genotype. His simultaneous introduction of Ulidium , with the same 
genotype, was unnecessary. In the A. S. > T . (3) xvii., dated 1852, but probably 
published later, D’Orbigny refers to the species as M. chartesvorthii. 

Mdicertina . Ehrenberg, 1839, Pbys, Abh. Akad. Wiss. Berlin, J. 1838, Tab. ii. — 
Proposed to replace Melicerita , which “ ist nichl sprachgemass.” This 
emendation need not be accepted. 

Mernbranicellaria , Levin sen, 1902, Vid. Medd. naturh. Foren. Copenhagen, 1902, 
p. 22 n. — Introduced fur Melicerita dubia, Busk (1884, p. 97) and a number 
of Cretaceous species, which are indicated. Genotype, now selected, Membrani- 
cellaria dubia ( Melicerita dubia , Busk). Levinsen subsequently (1909,p. 207) 
described Af. dubia , from part of Busk's original material, but he gives 
Jlf. dubia , Busk, as a doubtful synonym. His reason for inserting a query is 
not apparent, but if it should prove that two secies were included in Busk’s 
material the form described by Busk would be the genotype, as no other was 
indicated in Levinsen's original account. 

Menipea , Laraouroux. 1812, p. 183. — Gcnosyntypes, Ccllaria cirrata , Ellis and 
Solan der (1786, p. 20), quoted by Lamouroux as cirrhata , and C. Jlabellum , 
Ell. and Sol. (1786, p. 28). Genolectotype, Menipea cirrata : see Sohweigger, 
1819, Tab. 8; 1820, p. 428. The reasons given by Marcus (1922, 
p. 11) for regarding M. cirrata as a synonym of Cellularia erupt* * Pallas 
(1766, p. 71) seem to me sufficient. Pallas gave the locality as“Oceanus 
Orient alis,” but on p. 72 he states that it. was found with a Fucus qualified 
by the adjective 44 capensis,” which presumably meant the Capo of Good Hope, 
as explicitly stated in the German Edition (1787, i. p. 107) of Pallas’ work. 
Seba’s figure (Thesaurus, iii. PI, 101, No. 8) is hardly demonstrative, os it is 
stated to be by Marcus, but it may have referred to the species which was 
later described by Pallas, who gives this reference. The correct name of the 
genotype appears to be Menipea crispa (Pall.). Waters’ selection (1897, 
J. L. 8, xxvi. p. 2) of M. buskii, Wyv. Thoms, (rco under Emma, in Sect. Y.) 
is obviously invalidated by the fact that this species was not included by 
Lamouroux. 

Mononota, Pieper, 1881.— See Synnotum. 

MonseUa , Canu, 1900, Bull. Soc. Geol. France (3) xxviii. p. 437- — Genotype, selected 
by the author, Monsella eocena (Planicellaria eocena , Meunier and Pergens, 
1886, u Les Bryozoaires du Systeme Montien (Eocene Inferieur),” Louvain, 
privately printed, p. 7)* Canu gives figures of this species, copied from 
Meunier and Pergens. 

Surma, Wyville Thomson, 1873, Nature, vii. p. 388; see also Humbert, 1874, 
J. de Zool. iii. p. 134 and Wyville Thomson. 1877, “The Voyage of the 
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Challenger,” 44 The Atlantic/’ i. pp. 144, 142, 193, fig. on p. 143. — Genotype 
(the only species), Nareeia cyathus , Wyv. Thoms., n. sp. Synonym of 
Kinetoskias, Danielssen, 1868. 

Nellia, Busk, 1852 s , p. 18. — Genosyntypes, Nellia oculata , Busk, nom. nov. (Salicomaria 
dichotoma , Busk, 1852 1 , p. 367, nec S. dichotomy Schweigger, 1819, Tab. 8 ; 
1820, p. 428) and N simplex. Busk, nom. nov. 1852% p. 19 ($. marginata. 
Busk, 1852% p. 367). Genolectotype, Nellia oculata ; see Canu, 1900, Bull. 
Soc. Geol. France (3) xxviii. p. 382. It seemB moderately certain that 
N. oculata is a synonym of Cellaria tenella , Lamarck, 1816, p. 135; and the 
correct name of the genotype would thus be Nellia tenella (Lamk.). 

Notamia , Fleming, 1828, p. 541. — Proposed, to replace Loiicaria (q. v.), pre-ocoupied* 
for Celhdaria loriculata , Pallas (1766, p. 64) ( Sertularia lorioata , L., 1758, 
p. 815) and S, hwrsaria , L. (1758, p. 814), but immediately qualified by the 
statement that N. bursaria is the type of a new genus, Epistomia (q. v.). The 
genotype is thus Notamia loricata , and the genus becomes a synonym of 
Eucratea, Lamx. 1812 (q. v . ). The loss of Notamia , in Polyzoa, would in any 
case have been inevitable, as the name was pro-occupied by Notamia, Kafinesquo 
(1819, J. de Physique, etc., lxxxix. p. 153), introduced for a species described 
as a M Polype ” and also as belonging to the Fam. Sipunoulidsc, but with a 
terminal anus. See also QemeUaria . 

Noftoplites , n. gen. — See p. 348. 

Onchoporella , Busk, 1884, p. 103. — Genotype, Carbami bombycina, Busk, 1852% 
p. 52. Busk’s species was not identical with Fluetra bombycina. Ell. and SoL 
(see Euthyris), and it thus appears necessary to propose a new namo for 
(7. bombycina , Busk. I suggest, therefore, that the genotype should be known 
as Onchoporella bushii , n. sp. 1 consider that Busk indicated his own 
C. bombycina as the genotype, by placing it alone under the generic heading, 
although he stated in a footnote (p. 104) that Scruparia diaphana , Busk, is a 
second species of Onchoporella . He here made a curious mistake, as it appears, 
on consulting the reference he gives (1860, Q. J. M. 8. viii. p. 281, pi. 31. 
fig. 1), that he was deceived by the fact that fig. 1 does not occur as the first 
species on the Plate. It is dear, from the description and figures, that Busk 
meant to refer to fig. 2, which comes first on the Plate, and that the second 
species he intended to place in Onchoporella was Carbasea ligulata , described 
by him on p. 282 of his 1860 paper. 

Ornifliopora , D’Orbigny, 1852, A. S. N. (3) xvi. p. 312 ; 1852, P. F. T. C. p, 321. — 
Genotype (the only species), Ornithopora avicularia (Sertularia avieularia 
(pars), L., 1758, p. 809; Cellularia avicularia, Pallas, 1766, p. 68). This 
species is also the genotype of Bugulina, Gray, 1848 ; and the genus is a 
synonym of Bvgula , Oken, 1815. 

Omithoporina, D’Orbigny, 1852, A. 8. N. (3) xvi. pp. 3\2 , 313 (Ornidworina, crro^, 
on p. 312) ; 1852, P. F. T. C. p. 322.— In the A. S. N. D’Orbigny mentions 
only one species, 0. avicularia , which should accordingly be regarded as tike 
genotype. His citation of Ellis (1756, French Ed., p, 119, pi. 38. 
fig. 7) shows, however, that the species intended was probably Avicularia 
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Jlabellata , Gray, 1848, p. 106 (see Avicidariu ) ; and the correct name of the 
genotype is thus Omithoporina JlabtUata (Thomps., MSS.) (Gray). In the 
second work cited D’Orbigny includes two other species as well. Synonym of 
Avieularia^ Gray, 1848 (with the same genotype ) and of Bugula, Oken, 1815. 

Petalostegua, Levinson, 1909, pp. 97, 114.— Genotype (the only species), Petalostegus 
bicomis ( Catenaria bicornu , Busk, 1884, p. 14). 

Planieellaria , D’Orbigny, 1852, A. 8. N. (3) xvi. pp. 333, 338 ; P.F.T.C. pp. 26, 
36, 181. — Genosyn types, P. oculata and P. fenestrata , two fossil species, 
apparently belonging to different genera. f 

Poricellaria , ll’Orbigny, 1852, A. S. N. (3) xvi. p. 338 ; 1854, P. F. T. C. # p. 1100.— 
Genotype, selected by the author, Poricellaria alata , D’Orb., n. sp. Canu, 
1907, Ann. Paleont. ii. p. 142 (sop. p. 38) regards Diplodidymia , lleuss, 
1869, as a synonym of this genus ; and he describes and figures a specimen 
which he refers to D . alata (D’Orb.). 

Eetiflustra , Levinson, 1909, pp. 124, 125, 414. — Genosyntypes, It. echonaui , Lev., n.sp., 
Carbaaea cribriformia , Busk, 1 852 2 , p. 51 ( lietepora cornea , Busk, 1852 l , p. 380) 
and Flustra reticulum , Hincks, 1882, A. M. N. H. (5) x. p. 163. Genotype, 
now selected, Retifiastra cornea (Busk). < 

Rhabdozoum , Hincks, 1882, A. M. N. H. (5) x. p. 160. — Genotype (the only species), 
Rhahdozoum wilsoni , Hincks, n. Bp. 

Saccohgdra , Billard, 1914, 2* Exp. Antarct. Franc;., Hydroidcs, p. 5. — Genotype (tbo 
only species), Saccohgdra problematical Billard, n. sp. Prof. Billard recently 
wrote to me informing me that he had ascertained this genus, described as a 
Hydroid, to be a synonym of Barcnteia. There is no doubt, from his figures, 
that this conclusion is correct, and that Saccohgdra is to be regarded as one of 
the Entoprocta, and as a synonym of Barentsut , Hincks, 1880, A. II. X. H. (5) 
vi. p. 285. I publish this note at Prof. Hillard’s request. 

Salicornaria , Schweigger, 1819, Tab. 8; 1820, p. 428. — This genus is usually 
attributed to Cuvier, 1817 (llegue An. iv. p. 75), who introduced it, in the 
form “ Balieomiaires,” for Cellularia California (Pallas, 1866, p. 61), and 
three other species referable to Tuhucellaria and Menipea . Schweigger seems 
to have been the first to use the form Salicornaria , while he may be considered 
to have selected the genotype by including only one species, S. dichotoma 
( Cellularia salicornia , Pall,). If Cellaria (q. v.) is accepted, Salicornaria 
becomes a synonym of that genus. 

SaUcomia, de BlainviUe, 1830, p. 419 ; see also 1834, p. 455. — Do Blainville gives 
this as Salieomio, Cuv., although Cuvier did not use it in this form, and he 
includes two speeies, Cellularia salicornia, Pall, (see Salicornaria ) and Cellaria 
talicornioides, Lamouroux (1816, p. 127, but not iu Cuvier’s list). SaUcomia 
is merely another form of Salicornaria. 

Scdicomiaria, Sehinz, 1825, Das Thierreich, iv. p. 155. — Another variant of the same 
name, the species included being those of Cuvier’s original list (see Salt- 
comaria), with some additional synonyms. The genus is used in the same 
form by Templeton (1836, Loudon’s Mag. Nat Hist. ix. p. 469). 
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Salpingia , Coppin, 1848, A. M, N. H. (2) ii. p. 273 ; see also Gray, 1848, p. 149. — 
Genotype (tbe only species), Salpingia hassallii , Copp., n. sp. Synonym of 
Aetea, Lamouroux, 1812. 

Sarsiflustra, Jul lien and Calvet, 1903, lies. Camp. Sci. Prince de Monaco, xxiii. 
pp. 43, 126. — Genotype (the only species), Sarsiflustra abyssicola ( Flustra 
ahyssicofa (M. Sara, MSS.), G. 0. Sars, 1872, Christiania Univ. Progr. 1st 
half-year, 1869, p. 19). 

Scruparia, Oken, 1815, p. 90. — Based on 9 species, one of which (Cellvlaria repens , 
presumably zxSertularia repens , Ellis and Solander, 1786, p. 52) is a Hydroid. 
The others are Polyzoa, corresponding with four modern genera. The first 
species mentioned, and the only«one in which a trivial name is definitely 
associated with Scruparia, is Scruparia chclata ( Sertularia chelata, L., 1758, 
p. 816). This was the only species included in Scujjaria {errors), Gray, 
1848, p. 132, and in Scrujtaria, Busk, 1852 a , p. 28 ; in the latter case with a 
new diagnosis. Scruparia chclata should thus he regarded as the genotype. 
Hincks’ later proposal (1880, p. 21) to make Ills own S. clavata the genotype 
is inadmissible, as this species is not included in Oken’s original list. Yerrill, 
1880 (Proc. U. S. Nat. Mus. ii. 1879, p. 190) chose S. reptans [Serupocellaria ] 
as the genotype, but although in Oken s list, this species has no claims if those 
of S. chelata are established. 

Serupocellaria , Tan Beneden, 1845, Nouv. Mem. Acad. ltoy. Brux. xviii. p. 26. — 
Genotype (the only species), Scnpoodlaria scruposa ( Sertularia scruposa, L., 
1758, p. 815). 

Scupana, Gray, 1 848, p. 132. — This seems to have been a misquotation of Scruparia 

(?• v.)- 

Scupocellaria , Gray, 1848, p. 111. — A similar mistake lor Serupocellaria (y. v.). 

Selbia , Gray, 1843, p. 292. — Genotype (the only species), Selbia zelandica, Gray, 
n. sp. Busk (1852 2 , pp. 37, 38) cites Gray’s species as a synonym of 
Caberea ( Crisia ) boryi , Audouin (1826, p. 242): and even if not identical 
with Audouin’s species, Selbia , of which no generic diagnosis was given, 
must be regarded as a synonym of Caberea (y. r.). 

Semiflustra , D’Orbigny, 1852, A. S. N. (3) xvi. p. 317 ; 1852, ]\ F. T. C. p. 326. — 
Genotype, Semi/lustra bombycina ( Flustra bombycina, Ellis and Bolander, 1786, 
p. 14), which is the only species mentioned in the “Annales des Sciences 
Naturelles.” In the second work cited two other species are also included. 
Carba8ea bombydna, Busk, 1852 s , p. 52, is a distinct species (see Onchoporella ). 
Euthyris , Hincks, 1882, A. M. N. H. (5) x. p. 164, may perhaps be regarded 
as a synonym of Semiflustra (see Euthyris). 

Spiralaria , Busk, 1861, Q, J. M. S. (n, s.)i. p. 153. — Genotype, Spiralaria florea , 

' Busk, n. sp. 

Spiralis, Levinsen, 1909, p. 408 (Explanation of PI. 19. fig. 10 a).— A mistake for 
Spiralaria , as shown by p. 125. 
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Stirparia , Goldstein, 1880, Q. J. Micr. Soc. Viet. Proc. i. p. 75. — Genotype (the only 
species), Stirparia annulata (JHcellaria annulata , M aplestone, 1879, t. cit 
p. 19). The generic name is pre-occupied, for Pennatulaoea, by Leuckart, 
1841, Zool. Bruchstiicke, ii. p. 122; and I propose that it be replaced by 
Stirparidla (nom. nov.), with the genotype Stirparidla annulata (MapL). 

•Stirparidla , nom. nov. —See Stirparia. 

Stolonella , Hiucks, 1883, A. M. N. H. (5) xi. p. 197. — Genotype (the only species), 
Stolonella clausa , Hindis, n. sp. 

Synnota , Pieper, 1881. — See S hjnnotum. 

Synnotum , Pieper, 1881, Xeunte .Tahresb. Westful. Provinzial-Ver. pro 1880, p. 47. — 
Pieper suggested the alternative names J lononota and Synnota for a single 
new species, (Jemdlar 'ta (?) avicularis. Synnota was adopted, but amended to 
Synnotum , presumably on etymological grouuds, by Ilincks, 1886 (A. M, N. H. 
(5) xvii. p. 255); and I think this change in spelling may bo accepted. 
Waters (1 897, J. L. S. xxvi. p. 15) pointed out that &. avietdare is probably 
a synonym of Loricaria mjyptiam , Audouin, 1S26, p. 243 ; and I have 
satisfied myself that (his conclusion is correct. The name of the genotype 
should thus be Synnotum wyyjitiacum (And.). It does not seem to have 
occurred to other authors that this species cannot be placed in the same genus 
as Eucratea loricata (Linn.). See Eucratea and Gtmellaria. 

Ternicdlaria , D'Orbigiiv, 1853, P. F. T. C. pp. 40, 47 ; see also 1852, A. S. X. (3) 
xvi. p. 330.- --Genotype (the only species), Ternicelluria aculcata (Bicdlaria 
( Tricdlaria on pi. 2) acuhata , IVOrb., 1839-1846, Yoy. Amer. Mend, 
v. 4, p. 8). Synonym of Tricdlaria. 

Tricdlaria , Fleming, 1828, p. 540. — Genotype (the only species), Tricdlaria ternata 
(Cdlaria ternata, Ellis and Solander, 178(3, p. 30). 

Ulidium , Scarles Wood, 1844, A. M. N. H. xiii. p. 17. — Genotype (the only species), 
Ulidium Charles wort hii ( Melicerita Charles worthi^ Milne Edwards). The prin- 
cipal reuaons given for its introduction are that Melicerita is etymologically 
incorrect, Alclicertina is objectionable, and names similar to Melicerita have 
been used in other groups* Synonym of Mdiccrita ; see also Melicertina. 

Unicellar ia, de Blainville, 1830, p. 425; see also 1834, p. 461.— Genosyntypes, 
Sertularia clulata , L. (as described by Ellis, 1756, Hist. Xat. Cor. French Ed. 
p. 57), £. cornuta , L., 1758 (p. 810), Eucratea append* culata, Latuouroux, 1 821 
(p. 8), and Lafoea lafoyi , de Blainville, nom. nov. for Lafoea cornuta, 
Lamouroux, 1821 (p. 8). The first of these species is referable to Scrujiaria, 
Oken, 1815; the second and third to Crisia , Lamouroux, 1812; and the 
fourth appears to be a Hy droid. 

Water sia, Levinsen, 1909, pp. 94, 99. — Genotype (the only species), Watersia 
militant ( Flustra militarise Waters, 1887, A. M. X. H. (5) xx. p. 93). 
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III. Internal Avicularia. 

Levinsen (1909, p. 139, pi. 2. figs. 76, d, e, g, j, k) has described the 
occasional replacement of an ordinary frontal avicularium, in Menipea 
roborata , by an avicnlarinm which grows into the body-cavity ; and in one 
of his letters quoted in Sect. V. (p. 336) he refers to the presence of internal 
avicularia in AL marionenm . He inakos no comment on this extraordinary 
occurrence ; but however improbable it may seem, both on morphological 
and on physiological grounds, there is no doubt of the accuracy of the 
description. I have found these internal avicularia, not only in the two 
species indicated by Levinsen, but also in certain other species of the same 
genus. 

The internal avicularia of M. marionenm are represented in three of my 
figures. PI. 19 . fig. 44, a basal view, shows one of these structures (t. ar.) 
in each of the zoopcia D and E. The avicularium is a more or less cylindrical 
structure situated on the inner side of the frontal wall, and projecting basally 
into the body-cavity. The palatal surface is on the basal side, there is a 
normal beaked rostrum, with which is connected an acute, triangular 
mandible. The material is not in the best condition, and it has the 
appearance of having been allowed to dry. The polypides are, however* 
perfectly recognisable, and there seems to be clear evidence that the mandible 
opens and closes in the body-cavity, and in actual contact with the tissues of 
the polypide. The arrangement seems an inconvenient one, and I can suggest 
no explanation of its purpose. There is no evidence whatever that the 
avicularium lies in a cavity invaginated from the frontal side, and I cannot 
escape from the conclusion that the mandible actually moves in the body- 
cavity. Pour of these internal avicularia are shown, in basal view, in PI. 17 . 
fig. 22, in the zocecia 0, D, E, and K. The base of the cylindrical avicularium, 
(PL 19 . fig. 43), is not raised above the general level of the frontal wall, 
and from it originate the ocdusor muscles, which are seen in frontal view, of 
the mandible. The avicularium has in fact un inverted position, and has been 
developed on the inner side of the wall of the zooscium, instead of ou its 
outer side. 

The account given by Levinsen of the internal avicularia of Menipea 
roborata is not easy to understand ; and a renewed study of these remarkable 
structures was required. There is no doubt that, as stated by Levinsen, the 
internal avicularium replaces an ordinary frontal avicularium. I do not find 
them always present, as he states, when an external avicularium is absent* 
and I have not found them in the marginal rows. They may usually be 
found without difficulty in some of the zooecia of the submarginai rows, and 
occasionally in other zooecia farther removed from the margin. They seem 
to be always wanting on the distal side of an ovicell, where two external 
avicularia are constantly present, directed obliquely distally, and thus reversed 
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in their direction as compared with the avicularia not related to an ovicell ; — 
again in accordance with Levinson's description. 

The internal avicularium is longer than would be inferred from Levinsen’s 
account. Its proximal end is in the same position as that of an external 
avicularium. The side view (PI. 18. fig. 29) shows, in each of two zooecia, a 
pair of avicularia lying side by side. While one of them (J.av .) rises 
normally on the frontal side of the zooecium, the other {Lav.) runs distally 
and basally below the cryptocyst, the avicularium being long and sub- 
cylindrical, and terminating in a beaked rostrum, with an opesia subdivided 
by the projection into it of two calcareous teeth (see Levinsen,pl. 2. fig. Ik). 
In a frontal view (PI. 18. fig. 30) the distal end of the internal avicularium 
(i.av.) is seen through the opesia, and its proximal end (/>.) forms a slightly 
convex calcareous film, which is partly crossed by the triangular proximal 
end of the cryptocyst (cr.). This overgrowth by the cryptocyst does not 
occur in the external avicularia, which grow frontally from their base. 

Levinsen did not discover internal avicularia in M. ligulatamd At. spicata^ 
two species which were associated by MacGillivray with AJ. rolmrata in his 
genus Craspedozonm (see Sect. II.). I have found them in both these species, 
as well as in M . recti/era , n. sp. (see Sect. V.) and in AJ. triseriata , Busk. 
Their occurrence in undoubted species of Menipea is of special interest, as 
indicating that Craspedozoum should probably be merged in that genus. 

The internal avicularia do not seein to be common in M, ligulata, but* I 
have found them, as shown in PI. 18. fig. 33, in one or two zooecia. They 
resemble those of Al. roborata , but they appear to be less asymmetrical in 
position. 

In At. spicata (figs. 32, 35) the internal avicularia are considerably smaller 
than in the other two species. They lie closely attached to one of the lateral 
walls of the zooecium, and do not reach its opesia (fig. 35). In side view 
(fig. 32) they are seen to pass nearly vertically downwards into the body- 
cavity. The internal avicularia of Af. vectifera (fig. 36) resemble those of 
M. spicata. 

In M. triseriata (PI. 19. figs. 41, 42) the internal avicularium is broad and 
short, its distal end being just visible, through the opesia, in frontal view 
(fig. 42). It will be seen from these figures, as well as from one or two of 
those illustrating other species, that a considerable proportion of the internal 
avicularia found occur in the more proximal of the two zooecia formed when 
a longitudinal row is doubled. 

The species in which I have found internal avicularia may all be placed in 
Menipea , s. str ., as understood in Beet. V. ; and they constitute a definite 
evidence of affinity in a group of species which can be placed together for 
other reasons. It seems probable that these remarkable structures will be 
found in other species of the same genus, though I have failed to find them 
at present in any bnt the ones which have been mentioned above. 
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IV. Methods of Bifurcation of the Colony. 

The u Cellularine 99 series of Oheilostomatous Polyzoa, which takes its 
name from the genus Cellularia (see Sect. IT.), consists of numerous genera 
and species in which the zooecium lias a membranous frontal wall and the 
•colony has an erect, branching habit. The character of the frontal wall 
places them in Levinson’s Sub-order Anasca (1909, p. 91). The Cellularine 
habit of growth is closely parallelled, however, in members of the Sub-order 
Ascophora, in which the frontal wall is calcareous and a compensation-sac is 
present (cf. Harrner, 1902, ref. on p. 295). The genus Catenicella and its 
allies may be mentioned in this connection ; but none of the Ascophorous 
genera are here considered. 

The Anascous branching forms are usually placed, in systematic treatises, 
near the commencement of the Cheilostomatous series ; and it has often been 
at least tacitly assumed that they represent a low stage in the evolution of 
the Cheilostomata. This view' seems to me erroneous; and the highly 
evolved nature of this assemblage is indicated by the characters of their 
heterozooecia, a term introduced by Levinsen (Vid. Medd. Naturh. Foren. 
Copenhagen, 1902, p. 3) to include the avicularia and vibracula. The avi- 
cularium reaches the summit of its development in such Cellularine genera 
as lingula and Cornucopirta , while the vibraculum is highly specialized in 
Caberea , belonging to the same assemblage. The assumption that the 
branching habit is in any sense primitive appears to me fundamentally 
wrong. It is no doubt true that the Cellularine species are less adapted for 
preservation as fossils than the encrusting forms ; but, making every allowance 
for this consideration, the Palseontological evidence points to the encrusting 
habit as the more primitive ; and already in the Cretaceous Period, largo 
numbers of encrusting Cheilostomes, of a primitive type in other respects, 
are known. 

Not only are there these reasons for viewing with suspicion the claims of 
the Cellularine genera to be regarded as representing an early stage in 
evolution, but the study of thefr mode of branching leads readily to the 
conclusion that the erect colony is a lamina which has t>cen more or less 
subdivided. It may be noticed that the majority of Cellularine species 
consist entirely of branches having two surfaces sharply differentiated. The 
basal surface of the branch shows merely the " backs ” of the individual 
aooecia, all of which have their orifices on the opposite or frontal surface. 
There is thus no difficulty in regarding the typical Cellularine colony as a 
unilaminar sheet of zooecia, divided by more or less radial slits into narrow 
branches, which in the majority of species are built up of two longitudinal 
series of zooocia, alternating on the two sides of the branch. It might appear 
logical to regard the biserial condition as representing the last stage in -this 
process, and thus to suppose that when biserial and multiserial branches 
occur in closely related species, the multiserial condition should in all cases 
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be regarded as the more primitive. I am not sure that this is always the case, 
and I think it is at least possible that a multiserial branch may in some cases 
have been derived secondarily from a preceding biserial condition. I do not 
consider it necessary to discuss this question in the present paper, in which 
I desire to point out, however, that the extent to which the splitting of the 
original lamina has taken place differs in various genera and species ; and 
that the study of the actual facts of the bifurcation of the branches may be 
of great assistance in systematic work. So far as I am aware, there has been 
no previous comparative account of this subject, although the importance of 
the mode of branching has not been overlooked by other writers. I may 
refer especially to the account given by Davenport (1891, Bull. Mus. Comp. 
Zool. Harvard, xxii. p. 41) of the branching of Biujula, and to two papers by 
Waters (1897, J. Linn. Soc. xxvi. p. 2 ; 1913. Proc. Zool. Soc. p. 473), 
dealing with the mode of bifurcation in SrruporeUariu and Menipea . These 
papers record important facts, but they do not exhaust the subject. 
Davenport is concerned with the general laws of branching, and he does 
not attempt to show how his results can he applied to classification. In his 
1913 paper Waters divides Menipea into several groups, based on differences 
in (he mode of branching ; but I think he l»as not been altogether successful 
in his conclusions. Waters (1913) defines a group u 0/’ for instance, which 
he supposes to include species having a common type of bifurcation ; but he 
places in it Menipea patagoniea and Bugulopsis peat.hu , two species which, 
according to my own results, differ essentially in their mode of bifurcation. 

In studying the bifurcation, particularly in the Family Scrupocellariida*, 
it is necessary to devote special attention to the formation of the chitinous 
joints with which many species are provided. In the majority of cases, each 
of the branches is jointed at its base, in such a way that the actual bifur- 
cating point is immediately succeeded by a joint at the origin of each branch. 
In some cases, only one of the branches is thus jointed ; an arrangement 
which may give rise to a svinpodial form of stem, unilateral when the joints 
all occur on the same side, or bilateral when they are formed alternately on 
the two sides. The joint is developed in a manner which is remarkably con- 
stant in the most diverse members of the calcareous Polyzoa ; occurring in 
fundamentally the same way in Cyclostomata (Crisia) and in a variety of 
Cheilostomata, which seem to have no close connection with one another. 
The process has been described by various authors, among whom 1 may 
mention Waters (1881, Q. J. Geol. Soc. xxxvii. p. 320 ; 1887, Ann. Mag. 
Nut. Hist. (5) xx, pp. 89, 92 ; 1897, J. Linn. Soc. xxvi. p. 2 ; 1913, Proc. 
Zool. Soc. p. 472) ; Pergens (1890, Bull. Soc. Beige Geol. iii. p, 313) ; and 
Lomas (1889, Proc. Liverpool Biol. Soc. iii. p. 219). The joint is formed 
across one or more zooecia, the calcareous walls of which are at first complete* 
and continuous. A chitinous lining is developed on the inner side of the 
calcareous wall and in close contact with it (</. Pergens, text-fig. 8, on 
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p. 314), in the form of a cylindrical tube, rather longer than the fntnre joint, 
and open at both ends. An annular zone of the calcareous wall is then 
absorbed, at the middle of the chitinous tube, which is left as the sole con- 
nection between the distal part of the zooecium and the parent-internode. 
It thus follows that the jointed zooecium partakes in the formation of too 
internodes ; the greater part of it usually lying in the proximal end of the 
daughter-internode, while the part ou the proximal side of the chitinous 
joint is immersed in the parent-internode. The polypide commonly passes 
through the jointed region of the zooecium, not only in the early stage, before 
the absorption of the calcareous annulus, but through the chitinous tube even 
after the completion of the joint, and in fact throughout the whole period of 
its own life. The proximal segment of the jointed zooecium has often been 
described as a “ special chamber ” of the parent-in ternode, by authors who 
have not fully appreciated its morphological significance. 

In certain cases, as in species of Scrupocellaria and in l'oricellaria ( Diplo - 
didymia), further strength is afforded to the joint by the development of 
additional tubes of chitin, each formed on the inner side ‘of its predecessor 
and somewhat longer than it. A considerable number of these tubes may lie 
formed, and the whole chitinous complex thus acquires a considerable thick- 
ness, showing at each end a series of rings of diminishing diameter in passing 
from the outer to the inner surface of the tube. This arrangement, which 
may be described as a system of tubes “en echelon,” is indicated by 
Claparede (1870, Zeitschr. wiss. Zool. xxi. pi. 9. fig. 1C), and his figure also 
shows the circular, transverse furrows of the annular thickenings of the 
calcareous wall with which the edges of the successive chitinous tubes are 
firmly united. This arrangement, which is most noticeable in the more 
robust species of Scrupocellaria, appears to be a mechanical arrangement 
admirably adapted to give the greatest strength at the middle of the joint, 
and to allow the entire stem the flexibility which is required in order to obviate 
fracture of the delicate branches. 

The bifurcation of a biserial branch takes place by the doubling of the 
nnmber of zooecia, and generally in such a way that two successive, alter- 
nating zooecia of opposite side of the parent-internode are each followed by 
two distal successors, instead of by a single successor as in parts where the 
internode is merely elongating without dividing. For the purpose of com- 
parison I have adopted a uniform notation for the zooecia concerned in the 
bifurcation, as may be seen, by reference to figs. 1-18. The more proximal 
of the two zooecia which prepare the way for the bifurcation is distinguished 
as A, and the more distal zooecium, on the other side of the branch, as B. 
0 and D, on the outer sides of the arms of the Y-shaped bifurcation, may be 
regarded as the direct successors of A and B respectively ; and it will be 
seen that they agree closely with their predecessors in form, differing from 
them only by diverging from one another to an extent sufficient to allow 



CELLULARINE AND OTHER POLYZOA. 


323 


two other zocBcia to be intercalated between them. These two zocccia are 
denoted E and F ; E being derived from A and lying on the inner side of 
C ; and F being derived from fi and lying on the inner side of D. E is 
usually in close relation with the axil o£ the bifurcation, and for this reason 
I term it the axillary zooecium. It may be the proximal inner zooecium of 
one of the branches and it is succeeded by Cr, the second inner zoweium. 
F and H are the corresponding members of the other branch. 

A careful study of various Cellularine genera, with particular reference to 
the relations of the zonecia above enumerated (and in some cases of one or 
two additional zooecia) has led me to the conclusion that the mode of bifur- 
cation may be used as an important generic or specific character. I do not 
overlook the danger of relying exclusively on a single character, but the use 
I make of the bifurcation seems to be justified by finding that species thus 
assorted appear, on the evidence of other characters as well, to form natural 
groups. It appears to me probable that during the evolution of these genera 
particular methods of bifurcation were adopted at an early stage, and can be 
recognized, with modifications, in most if not in all of the species which 
constitute the genera. It must be added that in most of the species here 
considered tho proximal end of the distal zooecium of a longitudinal row over- 
laps its predecessor on its basal side. The diagrammatic figures are all repre- 
sentations of ha«al views, and the distal ends of the zooecia are thus hidden by 
the proximal ends of their successors. The zomcium A always lies to the 
right of the figure ; and, in species in which A and B alternate, A typically 
lies on that side of the parent-internode which is external in relation to the 
preceding bifurcation. It thus follow’s that if the branches ECGand 
F L) H w'ere followed further to the points where new’ bifurcations occurred, 
the “ A ” zooecium of each of these would be found on the outer side. The 
right hand bifurcation would be a repetition of the bifurcation actually 
figured, and the left hand bifurcation would be its looking-glass image, 
A lying on the left or outer side. Didymozoum forms an exception to this 
rule, as the intercalation of a median ovicell-bearing zocecium takes place by 
a division of the inner row of a biserial branch into two rows. 

Before bifurcation occurs, the zooecia of opposite sides of the branch are 
in lateral contact with one another, and are connected by rosette-plates or 
communication-pores. In Buyula and some of its allies a peculiar modifi- 
cation of this relation is found at the bifurcations (PI. 16. figs. 3-5). Before 
becoming completely disjoined, the two branches remain as a rule united w ith 
one another by a special communication, formed in the axil by two of the 
lower members of the branches. The connecting process (c.p.) is formed in 
several different ways, which are remarkably constant within the limits of a 
species, which may thus be distinguished from others with which it might be 
confused. In only one or two species I have found, however, that the more 
proximal bifurcations of a colony may belong to one type, and the more 
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distal ones to another. This is the case, for instance, in a colony of Bicel- 
larina alderi , in which two successive types are represented ; hot, so far as 
my observations go, this is exceptional. It is well known, however, that the 
proximal end of a colony may show characters regarded as juvenile, as com- 
pared with the more differentiated distal parts ; and even if it should be 
found that differences in the mode of bifurcation occur at opposite ends 
of the colony, in other species, it will not, 7 think, affect the correctness of 
the statement that each species of Bugula has a practically constant method 
of bifurcation, in its fully developed condition. It may be added, finally, 
that the arrangement assumed is dependent, in the main, on the extent to 
which the inner zooBcia remain in lateral contact with one another, or, in 
other words, on the distance to which the split forming the bifurcation 
extends towards the zocecia A and B. 

Hie position of the rootlets, with regard to the bifurcations, has previously 
been recognized as a character of importance, particularly by Waters (1897, 
1913, cited on p. 321). In the series including Mentpea and its allies, these 
structures are given off from a pore-chamber which projects into the body- 
cavity, sometimes on the distal side of the jointed region (fig. 15), and some- 
times on its proximal side (figs. 9-11). The difference may appear a slight 
one, bot the general flexibility of the colony must be affected by the position 
of the rootlets. It seems probable that, when a joint has been evolved, the 
relation of the rootlets to it would not be easily altered during subsequent 
modifications of the species. Thus one series of species, represented by 
Mentpea and Notoplitea , may be supposed to have started with their rootlets 
on the distal sides of the joints, and at the proximal ends of the internodes ; 
and to have retained these relations during their later evolution. Tricellaria 
may be similarly supposed to have originated from a condition in which the 
rootlets were on the proximal sides of the joints and at the distal ends of 
the internodes. 

Levinson (1909, p. 132 n.) has stated that vestigial vibracula may be recog- 
nized in the pore-chambers of the rootlets of Tricellaria ternata. I think 
this view is correct, and in fig. 11 1 have shown structures which admit of 
this interpretation in T. peachii , on the proximal segments of the zocecia C 
and D. In Scrupocellaria each zocecium is typically provided with a vibra- 
oulum, which lies on the basal surface of the branch, usually near its exter nal 
border. The vibraculnm belongs to the proximal end of the 
although it is in close relation with the external or marginal avicularium of 
the preceding zocecium of the same longitudinal row. The vibntculum i» 
constantly provided, in this genus, with a chamber, cut off by calcareous walla 
from the cavity which contains its muscles, and this chamber gives origin to 
’ a rootlet, in the more proximal members of the colony at least ; although in 
many of the other vibracula the rootlet is merely represented by an oval 
fenestra in the outer wall of the rootlet-chamber, corresponding exactly pith 
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the fenestra occurring in a vibraculum which actually develops a rootlet. 
1 cannot agree with Levinson’s statement (1909, p. 134) that the rootlet- 
chamber is not thus cut off in Serupocellaria. In Tricellaria peachii (fig. 11) 
the structure from which the rootlet originates is a chamber cut off by a wall 
from a more distally placed portion which shows a slight longitudinal groove, 
apparently representing the rostral groove which receives the seta of a normal 
vibraculum. 1 regard the structure in question as a vestigial vibraculum, 
situated in its proper place at the proximal end of a zooecium and on its basal 
surface. The rootlet-chambers thus situated are doubtless the rootlets pro- 
duced by “a definite dorso-lateral chamber situated just above the lateral 
avicularium,” mentioned by Miss Robertson (1905, Univ. California Publ., 
Zool. ii. p. 250) in “ Menipea ” ( Tricellaria ). As pointed out by the same 
author, the rootlets given off by these chambers may pass distally and form 
the tendril-like structures known to occur in Tricellaria. The tendrils are 
not always formed in this way, however ; as I find that in Emma trice llata y 
Busk, one of these structures may replace a branch at a bifurcation. I believe 
this to occur by the suppression of the proximal segment of F or G at a 
bifurcation, as in fig. 13, and by the hypertrophy of the cliitinous tube which 
would otherwise have formed a joint, unaccompanied by the production or* 
the calcareous parts constituting a zooecium. In other cases, as in fig. 12, 
a rootlet is developed from the outer side of a zooecium which is not con- 
cerned in a bifurcation. The pore-chamber of the rootlet is still in the 
proper place for a vibraculum, at the proximal end of a zooecium ; and 
although greatly reduced may still represent that structure. 

The rootlets which do not become tendrils pass proximallv, sometimes 
along the basal surface, but in many cases along the lateral margios of the 
branches. The formation of lateral bundles of parallel rootlets is specially 
characteristic of Amasiigia , J^otoplites, and Menipea . 

Type 1 (PI. 16. fig. 1). — The zooecia occur in pairs, and not alternately on 
the two sides of the branch. A and B are thus at the same level, and the 
split separating the two branches reaches their distal ends. £, C and F, 1) 
thus form symmetrical pairs, E and F remaining in contact with one another, 
at their proximal ends, on the basal side of A and B. — Didpmozoum . (The 
arrangement is slightly modified in an interuode which has become triserial 
distally by the development of an ovicelJ. ) 

Type 2 (tig. 2). — Bifurcation occurs before a doubling of the number 
of zocecia takes place, the proximal end of each branch being thus unisonal. 
G remains in contact with the inner lobe of the proximal fork of D ; and the 
doubling of the number of zocecia takes place at the distal ends of C and D, 
or of one of their successors if more than a single uniserial zooecium occur* 
at the proximal end of the branch. — Stirpariella , sp. (* Siboga ’ Collection) . 
uansr. journ. — zoology, vox* xxxv. * 24 
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Type 3 (fig. 3). —The split extends nearly to the proximal end of the 
axillary zooecium, E, which is accordingly free, on its inner side, for the 
greater part of its length, E gives off a connecting process (c.p.) to meet 
the proximal end of F. In the species figured, each of the pairs E, 0 and 
F, D has a single fork, at the proximal end, divided by the common septal 
wall in such a way that each of the four zooecia has only a half fork, instead 
of a complete fork as in the other zooecia. — Bugula johnstona (Gray), 1843, 
and other species of this genus. 

Type 4 (fig. 4),— -The split does not extend proximally so far as in type 3, 
not more than half the axillary zooecium (E) being free on its inner side. 
The connecting process {c.p.) is given off by F, and joins the inner lobe of 
the fork of G, which crosses the basal side of E.-— Species of Bugula, e. g., 
B. scaphoid#* , Kirkp., 1890, A. M. N. H. (6) v. p. 18, and Bieellariella, and 
most of the species of Stirpariella, e. g., S. zanzibariensis, Waters, 1913, 
P. Z. S. p. 469. 

T^pe 5 (fig. 5). — The axillary zooecium is almost completely immersed in 
tile parent-internode, the split only reaching its distal end. The connecting 
process {c.p.') is given off by G and joins the inner lobe of the fork of H. — 
Species of Bugula , e. g., B. dentata (Larax.), 1816, p. 135, and of Stirpariella , 
«,g., S.caraibica , Levinson, 1909, p. 104. 

type 6 (fig. 6). — Although F is in contact with B, it appears to be derived 
from E, which it meets near the middle of the length of the latter. The 
connection between the proximal ends of the inner zooecia of the branches is 
formed by the independent junction of F and G with E. The proximal ends 
«f the zooecia are not bifurcate. Oblique joints, indicated by dotted lines 
and of a type common in Bugula , traverse the zooecia. — Euoplozoum cirratum 
(Busk), 1884, p. 17. 

Type 7 (fig. 7). — Resembles type 6 in the relation of G and F to E, but is 
peculiar in other respects. The axillary zooecium (E), which gives riee to F 
and G, passes into the proximal end of the branch on the side opposite to A, 
a relation which has not been found in any other type. B takes no part in 
the doubling of the number of zooBoia, the proximal ends of which are not 
bifurcate. — Kinetoskias egathus and all the other species (4) examined. 

In the following types (8-18) the position of the chitinous joi nts is pf 
importance. 

type 8 (fig. 8).— The proximal segments of F and G are in oontact on the 
basal side of E, and are shorter than the corresponding parts of C and D ; 
tits joints traversing F and G near their proximal ends, and passing a m oh 
more distally through C and D. In the species figured (Scrupocdlaria/eroa, 
'Bask, 1852), the joint traverses the middle of the' opesia, which is represented 
by dotted lines, of each of the outer zooecia C and D. In ojher 
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species of the genus each joint passes across the proximal end of the opesia 
of the outer zooecium ; and in others, particularly in those with elongated 
zooecia, it passes entirely on the proximal side of the opesia of C and D. — 
Scrupocellaria , all species. Himantozoum may be considered to belong to 
this type, with which it agrees exeept that it is unjointed. 

Type 9 (fig. 9). — The proximal segments of F and G are not in contact, 
and are shorter than the corresponding parts of 0 and D ; the joints 
traversing OG and DF respectively. A rootlet-chamber occurs on the 
proximal segment of (J or D, or of both, and the rootlet is thus given off on 
the proximal side of the joint. — Tricellaria , spp. 

Type 10 (fig. 10). — The proximal segments of F and G are separated by 
the whole width of E, and the two branches come off at different levels, that 
on the side of A being the more proximally situated. Internodes commonly 
composed of three zooecia, C and D then taking on the character of A and B 
zococia in the next internode. — Tricellaria , spp. (Figured specimen, 2. ore/- 
dentalis var. dilatata 9 Ortmann, 1889, p. 21.) 

Type 11 (fig. 11). — Except in the fact that the proximal segments of F 
and G are in contact, this agrees with type 9. — Tricellaria peachii (Busk). 

Type 12 (fig. 12). — Readily derivable from type 10 by the suppression of 
the proximal segments of F and G, the internode thus consisting of a single 
zooecium at its proximal end, connected with its predecessor by a single 
chitinous joint. — Tricellaria aculeata 9 D’Orb. 

Type 13 (fig. 13). — A modification agreeing with type 12, occurring in 
Emma cyathus. The zocecia C- and D take on the character of A and B 
zocccia at their distal ends. 

Type 14 (fig. 14). — Internodes composed of three zooecia and, like the 
xooecia, very short. A slight modification of type 9. — Emma y spp. 

Type 15 (fig. 15). — Proximal segments of F and G in contact, much 
longer than the corresponding parts of J and K. The joints are on the distal 
sides of 0 and D, and traverse the zouecia FJ and GK. The joints are 
situated at some distance from the axil, instead of being on the same level 
with it, and do not traverse the opesia of any zooecium. Rootlets given off 
on the distal sides of the joints. — A'otoplites. A modification represented, in 
the same genus, in the ‘ Siboga 9 Collection results from the suppression of one 
of the joints of the bifurcation. 

Type 16 (PI. 17. fig. 16)* — The axillary zooscium is free on both sides 
distally, The zpoecia F and G are not in contact with one another, but each 
is connected with one side of E at a point marked by the presence of a con- 
spicuous rosette-plate (rj?,), — Cornuccqnna, all species examined. The 
zoosbia are very long, and a constriction partially separates a small proximal 
section f rom the main part of the zooecium. 


24 * 
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Type 17 (fig. 17).— Proximal segments of F and G in contact (rarely 
separated), longer than the corresponding parts of J and K. The joints are 
on the distal sides of 0 and D, lying hardly in advance of the axil, and they 
traverse the zooecia FJ and GK, passing through the opesia of F and G, the 
two inner zocncia. Rootlets given off on the distal sides of the joints. — 
Menipea . 

Type 18 (fig. 18).— The internode becomes triserial by the development of 
a median row of two or more zooecia. The distal member of the median row 
(E s in the figured specimen) behaves as au axillary zooscium. Bifurcation 
in other respects as in type 17 . — Menipea (triserial species). 

Type 19 (fig. 19).— Part of a sympodial colony of Menipea spicata , only 
one of the branches being jointed at each bifurcation. 

Type 20 (fig. 20).— Agreeing with type 8 except for the intercalation of a 
median series of zooecia in the internode . — Amastigia kirkpatrkki (Lev.* 
MSS.), n. sp. 

V. Characters of Certain Genera and Species of 

SCBTTPOCELLARII DM. 

Family 8CEUPOCELLAR1IDJE. 

Cellulariidee, Hincks, 1880, p, cxxxvii ; Busk, 1884, p. xxii ; MacGillivrsy, 1887, 
Trans. Proc. R. Soc. Viet, xxiii. p. 199; et auett. 

Scrupocell&riid&, Levinsen, 1909, pp. 89, 180; Caim & Bossier, 1920, U.S. Not. 
Mu*., Bull. 106, p. 180. f 

A diagnosis, based on Levinsen’s study of the Family, has been given by 
Canu and Bassler, and this may be accepted with but few modifications. 
The Family consists of Anascous Cheilostonmta, of erect habit, usually much 
branched, and attached by rootlets. With rare exceptions the zoarium is 
unilaminar, and the branches are biserial in the majority of species. The 
branches are nearly always flexible, well-developed cbitinous joints occurring 
in most oases. The opesia is large, and spines usually occur distally or at the 
sides of the orifice. A specially modified spine, the scutum or fornix, jointed 
at its base, projects horizontally over the opesia, being branched or broadened 
except in the region of its narrow stalk ; but it may be completely wanting. 
The full equipment of heterozocscia consists of (1) an avicularium, or a pair 
of avicularia, on the frontal surface, typically on the proximal side of the 
opesia, and with the rostra directed proximally. The frontal avicularia on 
the distal side of an ovioell are commonly paired and directed distally 
(2) a lateral or marginal avicularium at the outer distal corner of the 
zooecium ; (3) a basal heterozooeciura, which may be either an avicularium 
or a vibraculum, on the basal surface, at the proximal end of the zocecium^ 
usually in contact with the lateral avicularium of the preceding sottoutnu 
The beterozocecia are not jointed at their base, and any or all of them tmjr. 
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be wanting. The mandibles o£ the avicularia are invariably of the pointed 
type. The terminal wall of the zooecium is at first vertical, its origin from 
the basal wall straight or slightly carved, but then bends disially, in 
approaching the frontal surface ; the proximal portion of each zooecium thus 
overlapping its predecessor on its basal side. The ovicells are hyperstomiah 
frequently completely contained in a depression on the frontal wall of the 
zooecium which succeeds the fertile zooecium, and not projecting beyond the 
general frontal level of the zooecia. 

The scutum and the heterozooecia appear to be very capricious in their 
occurrence. In several of the genera one or more of these structures 
are present,, on most of the zocecia, in certain species ; while they are absent 
in other species which appear to be closely allied to those of the first series. 
I think the only interpretation which can be given of these facts is that all 
these structures are to be regarded as original possessions of the Family, 
and that their absence is to be attributed to loss. 

Dr. VV. D. Lang has come to a similar conclusion with regard to Creta- 
ceous Cribrimorphs (1922, Cat. Foss. Bry. (Pol.) Brit. Mns. iv. pp. 3, 156, 
and elsewhere). 

The extreme amount of loss is found in 7 riceUaria peachii , in which scutum 
and heterozooecia are completely wanting, if exception be made of the 
possibly vestigial vibraeulum which has been described on p. 324. On the 
assumption that the heterozoiecia are structures which give their possessors 
some advantage in the struggle for existence, it is very difficult to understand 
the frequency with which they disappear entirely ; the species in which this 
takes place continuing to exist, apparently with undiminislied efficiency. 

Genera here considered : — 

1. Amastigia , Busk. 

2. Menipea, Lamouroux. 

3. Notoplites , n. gen. 

4. Tncellarta , Fleming. 

5. Emma, Gray. 

6. Scrupocellaria, Van Beneden. 

[The genera Canda and Caherea are omitted.] 

1. Am astigia, Busk. 

Amastigia, Busk, 1852*, p. 40. 

CqberieUa, Levinsen, 1909, pp. 134, 135. 

Andetimma, Kluge, 1914, p. 617. 

Serupoctilaria (pars) and Menipea (pars), auett. 

Zoarium usually unjointed, the branches in nearly all cases pluriserial. 
Frontal surface typically convex, so that the marginal zooecia face outwardly, 
the basal surface more or less flat, the zooecia of the median rows as a rule 
partially or completely excluded from it. Spines, scutum, frontal and 
marginal avicularia. present or wanting. Basal heterozooecia typically 
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present, in the form of avicnlaria, occasionally vibraculoid, or of vibraculn* 
Rootlets given off by the basal heterozooocia or from the sides of the marginal 
zooecia, passing proximally as marginal bundles down the colony and 
frequently extending round the axils of the bifurcations. Ovicells typically 
small, often with a frontal fenestra. 

Distribution, circumpolar (Southern), reaching as far north as Victoria 
in shallow water and Valparaiso in deep water. 

The characteristic features of this genus appear to be the pluriserial 
branches, which are usually more or less somi-cylindrical, with the zooecia 
opening on the curved surface ; the tendency for the basal walls of some of 
the inner zooecia to be reduced ; the occurrence of basal heterozooecia (some- 
times wanting) ; and the arrangement of the rootlets in marginal bundles. 
The last character also occurs in Menipea and JNotoplites. The genus is of 
special interest as demonstrating, better than any other, the intimate relation 
between avicularia and vibracula. Joints definitely associated with a bifur- 
cation seldom occur, but there is reason to believe that even in “ unjointed 
species they may he formed secondarily* as fractures occurring at some point 
of an internode, the fracture being mended by the formation of chitinous 
connecting tubes formed externally to the zooecia and not as a modification of 
their own body-walls. It is not unlikely that I have included too many 
species in this genus, which may have to be further subdivided. 

1. Amahtigja nitda, Busk. (PI. 17. figs. 21, 24, 25 ; PI. 19. figs. 50, 51.) 

Amastiyia nuila , Busk, 1852^, p. 40, pi. 86. figs. 1-5. Tierra del Fuego. 

„ „ (pars), MacGillivray, 1887, Trans. Proc. if. Soc. Viet, xxiii. p. 200. 

Victoria. 

The interest of this remarkable species seems to have completely escaped 
recognition since the publication of Busk’s original account. MacGillivray 
records it, on the authority of J. Bracebridge Wilson, from Victoria, and the 
record is confirmed by slides in the British Museum. Kluge (1914, p. 613> 
mentions the genus only to dismiss it. 

The type-slide (Brit. Mus. 54.11 ,15.87), from material collected by Charles 
Darwin shows some interesting peculiarities which were not noticed by Busk. 
The branches are at first biserial, and the zomcia of the two rows here meet 
one another, in a normal manner, in the middle line of the basal surface. 
They later become 3-serial, and then 5-serial, by the intercalation of three 
additional rows. A basal view of a 5-serial region shows the ;tpp<*aranoe 
indicated in PI. 17. fig. 24. The greater part of the basal surface is formed 
by the marginal zooecia (1, 5), while the median (3) and submedian (2, 4) 
zooecia have only a restricted origin from this wall. The frontal surface is 
very convex, the middle region being much thicker than the sides, and the 
marginal zooecia face obliquely outwards. As shown in Bosk’s figs. 2, 8, 
there is a large, undivided scutum, rounded distally. A frontal avicularium 
jnay occur on the submedian zooecia, but there is usually a pair on t hos e of 
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the median row, the rostrum directed obliquely proximally except on the 
distal side of nn ovicell, where the direction is reversed, as in allied species. 
A characteristic feature of Busk’s specimen is the occurrence of well- 
developed lateral avicalaria on the marginal zocecia. The most interesting 
point is the presence of basal avicularia, which give off rootlets running on 
the inner side of the lateral avicularia, as shown in Busk’s figs. 4, 5. These 
have an acute rostrum, directed proximally, and they are rather longer than 
wide, hut not vibraeuloid. The spines are well developed, though thin ; 
four occurring on the outer side of the marginal zocecia and two, in addition to 
the scutum, on the inner side. Scutum (PI. 19 . fig. oOj with a cavity which 
is very narrow at its commencement but dilates towards the free edge. The 
other zooeciu have three spines on each side, one of them being a scutum on 
one side. In several of the marginal zocecia the distal external spine, which 
is jointed at its base, is enormously elongated, being much longer than a 
zocecium, and running straight distully, just on the outer side of the margin 
of the brunch, and parallel with it. The thick walls of these enlarged spines 
appear to be entirely cliitinous. The ovicclls have a frontal fenestra. 

In addition to the type-slid© the British Museum ppsseascs the following 
specimens which I refer to A. nnda : — 

97.5.1.24(1. Port Phillip Heads, Victoria, J. Bracebridge Wilson. 

97.5.1.2(50 und 267.. Same locality ami donor (labelled Mcnij>ea funiculata). 
97.5.1.250. Port Phillip, Victoria, Mi>s E. C. Jolly (labelled .1. nuxla). 
99.7.1.823. Australia, Busk Collection (labelled A . nuda). 

87.12.9.68. Kerguelen, •Challenger* ( -oilection, Stat. 149 I., 45-127 fathoms. 

Keeorded by Busk (1864, p. 19) as Menipea bem munita . 

97,5.1.20(5 and 267 agree with the type, and differ from the other Victorian 
specimens, by possessing conspicuous marginal avicularia. Some of their 
spines are considerably enlarged, notably the second and third marginal ones, 
and the spine on the distal side of the scutum. I have hesitated whether to 
consider them distinct from the other Victorian specimens, but I think it is 
safer to regard them as one species. Basal avicularia are plentiful in all, 
sometimes completely alternate on the two sides of the branch and sometimes, 
in the same colony, meeting one another in pairs (PI. 17 . fig. 25). The 
branches are at most 5-serial, and the number of spines and the frontal 
avicularia (fig. 21) agree with the corresponding parts of the type. It is 
noteworthy that ovicells occur in all five rows. 

The ‘Challenger’ specimen from Kerguelen is of more sleuder habit than 
typical An bett£mtinita y and is 5-serial. Its scutum is smaller than in that 
species, and its spines are 4, 2 + scutum, on the marginal zocecia, and 3, 3 
(one being a scutum) on the others* In all these respects, as in the characters 
of the marginal and frontal avicularia, it agrees with A . nuda, to which 
1 refer it. If my determinations are correct, this species has a circumpolar 
distribution, from Tierra del Fuego to Kerguelen and Victoria. 
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On isolating the rows of zooecia, after boiling in Era de Javelle, the 
method by which the zooecia of the median rows become partially separated 
from the basal surface becomes apparent. As shown by PI. 19. fig. 51, 
the basal wall is very sinuous, the vertical diameter of the body-cavity 
being greatest on the distal side of the length of the zooBcium, and smallest 
at the proximal end. The prominent part of the wall reaches the basal 
surface of the branch, while the indented proximal part is excluded from it, 
the lateral walls of the adjacent zooecia sending lobes across this part, nearly 
or quito meeting one another. The lozenges formed by the median zooecia 
on the basal wall arc thus produced ; and the arrangement will be more 
easily understood by referring to PI. 17. tig. 27 (A, rudis ), in which the 
complete lateral outline of the distal median zowciuin is represented. It will 
be seen that the greatest prominence of the basal wall corresponds with the 
widest part of the zooecium, while the proximal region of the zomcium is 
narrower, and is either completely excluded from the basal wall or only meets 
it ill a linear median region. I believe this to be ihe method universally 
adopted in this group of species, when the zocecia meet the basal wall 
partially. 

2. Amastigia items (Busk). (PI. 17. figs. 26, 27 ; PI. 19. figs. 49, 52.) 

Caberea rudi * , Busk, 1852* p. 377 ; 1862 », p. 38, pi. 40. figs. 1-3. 

„ „ MftcOillivray, 1887, I'rodr. Viet., Dec. xiv. p. 137, pi. 130. figs. 1-*1 h. 

JMenipea marginata , Hincks, 1884, A.M.N.H. (6) xiv. p. 270, pi. 9. figs. 1-1 rf; 

1893, Ibid. (0) xii. p. 143. 

Branches 2-8-serial, coarser than in the preceding species, the zonecia 
larger in all their measurements. Frontal surface strongly coin ex, the 
marginal zooecia facing outwards. Basal surface flat, or concave, the 
marginal zooecia often projecting strongly as a broad, convex, longitudinal 
band on each side, the region of the median rows depressed and concave. 
Marginal zooecium forming a disproportionate part of the basal surface, the 
others reaching the wall in regularly alternating lozenge-like areas, the 
proximal end of each of these zooecia being overlapped by the broad parts of 
those of contiguous rows, and excluded from the basal wall or meeting it in 
a linear region. Opesia longer than in A. nuda , the cryptocyst not quite so 
much developed. Spines more uniform in size than in A. nuda , those of the 
marginal zooecia 4, 1, the fourth external more nearly vertical than the 
others. Spines in the other zooecia 2, 2 ; the second of one side in the form 
of a scutum, which does not fill the opesia, its distal lobe pointed (PI. 19. 
fig* ^9), cavity as in A. nuda . Frontal avicularia paired on some of 
the median rows, meeting in a median suture, their rostra directed as in 
the preceding species ; those in relation with an ovicell distant from one 
another. Outer frontal avicularium suppressed on the marginal and often 
on the submarginal rows, where the inner avicularium is often enlarged. 
On the marginal zooecia the single frontal avicularium is commonly 



CELLULARINE AND OTHER POLYZOA. 


333 


gigantic (PL 17 . fig. 26), with a strongly hooked rostrum, its articular 
•condyles strong and spike-like, and the mandible triangular and pointed 
(as in the other avicularia), and with an incurved acuminate tip. Marginal 
avicularia wanting. Basal heterozocecia in the form of curved vibracula 
(fig. 27), placed in alternating pairs, the tip of the rostrum of each vibra- 
culum meeting the middle of its predecessor on the opposite side of the 
branch, llootlets as in other species. Ovicells resembling those of A . nuda. 

Described from specimens in the British Museum, including Busk's type 
(54.11.15.82). 

The basal heterozocccia of A . nulls (PL 17 . fig. 27) arc of the kind 
described by Levinsen (1901), p. 135) as “curved or angularly bent 
vibracula in A* beiu'munita, as noticed under that species. Levinson founded 
the genus Cahevielta on this character, not recognizing the fact that Menij^a 
benemunita* Busk, is referable to Amastigia. Vibracula of this type occur 
in profusion in A. rudts , varying in size but not in form. The rostral groove, 
in which the long »eta is received, is very long. The occurrence of different 
typo of basal lieterozouecia in A mast aria mala and A. riulis indicates that 
these structure are in a plastic condition in the genus, assuming the* form 
indifferently of a\icularia and vibracula, or being completely absent. 

In side view ( PL 19 . fig. 52) the zoiecia are very different from tho<e 
of A . nuda, being larger in all their dimensions. The terminal wall is 
more vertical, and the proximal end of the zomcium much deeper, tin* 
median zocecia being more completely represented on the basal wall than 
in that species, a fact witli which the smaller amount of sinuosity of the 
basal wall (PL 19 . fig. 52) is associated. Tho lateral communication-plates, 
as in other species of A mastigia (as well as in Menipea). are two in number. 

Tho basal view (PI. 17 . fig. 27) of a branch of ^1. nulix is very charac- 
teristic. Tho marginal zocecia occupy a disproportionate amount of thi< 
wall, but the others, though here reduced, are not nearly as much so as in 
A . nuda. Each zomcium is wide distully, where it meets the basal wall 
along its whole width. It becomes narrower proximally, as shown in the 
distal zooeeium of the median row ; but the greater part of this region 
is excluded front the basal surface by the union or close approximation 
of the widened parts of the preceding zooecia of the rows on either side 
of it. Tho basal walls of all the zooecia except those of the marginal 
rows thus appear as a series of regularly alternating spindle-shaped figures. 
The basal vibracula, which are not drawn on the younger zooecia, are another 
very characteristic feature of the species. 

A , rudis differs from A . nuda in tho larger number of series of zooecia in 
its branches, in the smaller number of spines, in the distal lobe of the 
scutum which is usually pointed, in the chanicter of the basal heterozooeciu, 
in the gigantic frontal avicularia of the marginal rows, and in the larger 
measurements of all of its parts. 
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3. Amastigia cbasbimabginata {Busk). 

Cabermt crastitnarffitutia, Busk, 1884, p, 28, pi. 11. figs. 1-1 b. S.E. of Buenos Aires,. 
600 fathoms. 

Rootlets running down the margins of the branches. Vibracula covering 
only a small part of the basal surface, and resembling those of A . rudis. 
Although this species is biserial the characters of its rootlets, vibracula and 
scutum are in agreement with those of other species which I refer to 
Amastigia. Waters (1913, Proc. Zool. Soc. p. 480) has suggested that it 
should be placed in Canda . 

4. Amastigia benemunita (Busk). 

Menipea benemunita, Busk, 1884, p. 19, pi. 4. tig». 4, 4 a (specimens from Stations 
303 (probably 308), 313, 314, 315 only). Straits of Magellan, W. of S. end of 
S. America, Falkland Is., 5-175 fathoms. 

Scrupocellana benemunita , Jullien, 1888. Miss. Sci. Cap Horn, vi. p. 69, pi, 8. 
figs. L-3. S. of Cape Horn, 99 metres. 

CaberieUa benemunita , Levinson, 1909, p. 135, pi. 22. tigs. 8 «, 8 b. ‘ Challenger * 
Exp., 8 tat. 313. 

British Museum, ‘ Challenger’ t Collection, 87.12.9.69-73. The type-slide is 
87.12.9.70, Stat. 313, E. end of the Straits of Magellan, 55 fathoms. Sir 
John Murray thought that a mistake was made in one of the records, and 
that Stat. 303 (slide 87.12.9.69) should have been Stat. 308, the depth of 
which was 175 fathoms, and the locality near the W. coast of the S. end 
of S. America. 

This species has a close res€ftnblance to A . nuda* and it is curious that 
Busk did not refer it to his own genus Amastigia. It can be distinguished 
from A. nuda by its much larger scutum, with a large, upturned, truncate, 
distal lobe, and by its flatter branches, which may be at least 7-serial, in 
which all the zooecia appear to meet the basal wall normally, although the 
width of the median zooecia, basally, is less than that of the marginal zooecia. 
The spines of the marginal zooecia are 3, 1 + scutum. Marginal avicularia 
are minute and commonly wanting. Under A. rudis I have alluded to 
Levinsen’s account of the basal heterozocecia, which he found in a ‘Challenger’ 
specimen from Stat. 313. I have not found heterozocecia of this type in the 
British Museum slide (87.12.9.70) from this Station, and the specimen seems 
to have only a single basal heterozooecinni closely resembling those of 
A . nuda. In 87.12.9.7 2, from Stat. 315, basal vibracula as described by 
Levinsen occur ; and they resemble those figured by me (PI. 17. fig. 27) in 
A. rudis. The occurrence of two different types of basal heterozocecia in 
different specimens of what I think must certainly be referred to the same 
species is an interesting fact. 

The ‘ Challenger 9 slide from Stat. 149, Kerguelen, referred to this species 
by Bask, appears to belong to A. nuda . 
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5. Amabtxgia tuniccIiATA (MacGilUvray) . 

Menipea fkniculata, MacGillivray, 1886, Trans. Proc. R. Soc. Viet. xxii. p. 128, pi. 1. 
tiff*. 8, 8 a; 1888, Prodr. Zool. Viet., Dec. xviii. p. 28T>, pi. 177. figs. 6-66. 
Victoria. 

The British Museum possesses several Victorian specimens (87.12.10.38 ; 
88.11.14.221, 241 ; 97.5.1, 247, 269) of this species. It resembles A. nuda 
in general appearance, but the frontal surfaces of the peripheral branches are 
flat, and all the zocecia meet, the basal wall normally. Some of the spines 
are long and thick, particularly the second of the outer group of three? in the 
marginal zomcia. The single inner spine and the third or proximal outer 
spine are short and thick, often crossing one another over the orifice of the 
zocpciuui. The scutum is oval, with a simple cavity, and it fills most of the 
opesia. The branches are in the main triserial, sometimes 4-serial, and 
marginal aviculuria occur, though not commonly ; both these and the frontal 
avictilaria being small. I have not found basal heterozoumia. The branches 
do not form joints at the bifurcations, but although typically unjointed there 
seem to be indications of the occasional occurrence of secondarily formed 
joints. The more proximally placed branches may be narrow, with a very 
convex frontal surface. 

G. AmASTJGIA AilYSSlCOLA (Kluge). 

Scnipocvl la via funvuluta, Waters, 1904, ‘Belgica’ Bryozoo, p. 23. pi. 8. figs, la, 6. 
Antarctic, 2800 metres. 

Scrupocellana abynicoln, Kluge, 1914, p. Oil. Antarctic, 2450 metres. 

Kluge doubts Waters' determination, and has suggested a new name for 
the deep water Antarctic form observed by Waters and himself. Basal 
heterozofficia not described. 

7. Amabtigia garkuioidek {Kluge). 

Serupocellaria ettberioides, Kluge, 1914, p. 012, pi. xxvii. figs. 9, 10. Antarctic, &50- 
885 metres. 

Unjointed, 2-4-serial, Scutum originating distally, not filling the opesia, 
oval or long and narrow, the stalk inserted into the distal end of its lamina. 
Marginal and frontal avicularia, the latter sometimes gigantic. Basal 
avicularia paired, directed obliquely proximally, the tip of the rostrum 
slightly vibraculoid. Median zocecia much reduced basally. Kluge rejects 
his own suggestion that this species might be placed in Amatfigia, 

8. Amastigia ki uk patricki ( Levinsen , MSS.), n. sp. (PL 17. fig. 20; 

PL 19 . figs. 46-48.) 

Menipea m arionenm (pare)* Busk, 1884, p. 21, pi. 14. fig. 9 (specimens from Stat. 
144 fh Marion Island, 60-75 fathoms, only). 

Branches biserial, becoming triserial at a varying distance from the 
proximal end. Internodes usually of 3-6 pairs of zonecia, with at least one 
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median zooecium preceding the bifurcation, often with a row of 2-4 median 
zooecia. Rootlets arising from the proximal members, mainly attached to 
the edges of the branches, some of them passing down the basal surface. 
Opesia oval, rather more than half the frontal length, with a moderate 
cryptocyst, extending completely round the opesia, and of practically equal 
width all round. Spines one external (rarely two) and one internal, at the 
distal end, the external spine placed rather more distally than the internal ; 
occasionally more numerous (fig. 46), the figure probably representing a 
zooeeium in an early state of growth of a colony. Scutum wanting. Frontal 
uvicularia single on most of the zooccia, those of some of the median zooecia 
enlarged or even gigantic (fig. 48) ; much raised, directed obliquely 
proximally, and situated on the inner side of the zooeeium, on the proximal 
side of the opesia, which they do not reach. Two frontal avicularia may 
be found on the axillary zooeeium. Marginal avicularia small, often 
absent. Vihracula large, on the inner side of the lateral zooecia, placed 
nearly longitudinally, the rostrum or groove for the seta greatly prolonged 
beyond the main part of the vibraculum, and reaching the middle line of the 
branch ; a single vibraculum in the axil of the bifurcation. Ovicells large, 
longer than wide, the frontal surface rather flat, becoming concave just 
distally 'to the rim of the orifice of the ovicell. The surface is imperforate, 
and the ectooeciurn covers only a narrow part of the frontal surface. 
Bifurcation (fig. 20) as described below ; both branches jointed at their base, 
the joint involving the proximal end of the opesia of the outer zooeeium. 

Type-slide (Brit. Hub.), 87.12.9.97, * Challenger* Coll., Slat. 144 a. 

In his ‘ Challenger * Report, Busk described as Menipea marionensi s 
specimens from the two following localities : — 

Stat. 142, off Cape of Good Hope, 150 fathoms ; Stat. 144 a, off Marion 
Island, 50-75 fathoms. 

On Oct. 4, 1910, the late Mr. G. M. It. Levinson wrote to Mr. It. Kirk- 
patrick, at the British Museum, stating that a fragment of a ‘ Challenger’ 
specimen of “ Menipea marionensis," from Stat. 144 a, had come into his 
bands, through the Dundee Museum, and that it proved to be a Caberea . 
On Jan. 26, 1911, he wrote further, to the effect that he had described anti 
figured the species from Stat. 144 a, as Caberea kirkpatricki ; and, having 
examined material, from Stat. 142, which had been sent to him by 
Mr. Kirkpatrick, he had found that “ the great plurality of the frontal 
avicularia are internal 99 in M. marionemis. In icturning the material which 
had been lent to him, he added a label to the specimens from Stat. 144 a, as 
follows : — u Busk had wrongly named the specimen M. marionenm , the type 
of which is from Stat. 142, Cape of Good Hope.” 

Levinson died in 1914, and, although I have made every effort to satisfy 
myself on the subject, I have failed to find evidence that his results were 
published. It must be assumed that the description referred to in his letter 
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of Jan. 26, 1911, remained in MS. at the time of his death. Having 
examined the whole of the material from the two Stations, T can confirm all 
Levinsen’s statements of fact quoted above, although I do not agree with 
him in placing the new species in Caherea . There is no doubt that Busk 
confused two species, and it is unfortunate that marionensis must be applied, 
as shown by his description, to a species from the Cape of Good Hope, not at 
present known to occur off Marion Island. 

T have adopted Levinson's MS. name kirkpatricki for the new species ; and 
I give below a new diagnosis of Menipea marionensis . The two species can 
readily be distinguished under a low magnification. In Menipea mario- 
nensis the joints are placed at some distance from the axil of the bifurcation, 
the ovicells are small and *hort, there are no vibracula, and none of the frontal 
avicularia are enlarged. In Amastxgia kirkpatricki the joints are at the level 
of the axil, the ovicells are large and long, conspicuous basal vibracula are 
present, and the frontal sivicularium of the axillary zomcium (or of the 
proximal median zooecium if more than one is present] is usually much 
larger than the orhers. This last feature is indicated in Busk’s fig. 9* 
(PI. 14.), which I suppose to have been drawn from a specimen obtained 
at Stat. 144u, and therefore to belong to Amastigia kirkpatricki. In 
describing a species obtained from more than one locality, it is always 
expedient to indicate the locality of the specimens figured ; and this omission, 
by Busk and others, gives rise to many difficulties. 

With reference to Levinsen’s proposal to place this species in Caherea , I 
think it desirable to exclude from this genus those species in which the 
rootlets pass down the margins of the branches instead of down the middle 
of the basal surface. I think that C. ruJis, Busk, should be placed in 
Amastipia, and that C. crassimaiyinata. Busk, may he referred to the same 
genus. It must he admitted that A* kirkpatricki has a considerable claim to- 
be included in Scrupocellaria , which it resembles in its mode of bifurcation 
(PI. 17. fig. 20). Tiie branches are well jointed at their commencement, 
but a median series of zocecia, usually commencing near the proximal end of 
the inlernodo, is present, in opposition to what is found in typical Scrupo- 
cellaria. The first median zooecium (E 1 ) originates from a zooecium (“A”) 
situated on the outer side of a branch with reference to the preceding 
bifurcation. It gives to a second (E*), which may he followed by others in 
a median row. The distal member of this series (E 3 in fig. 20) behaves as 
an axillary zooecium. 

>1. kirkpatricki tlins seems to unite the characters of more than one genus, 
which may be explained by the assumption that A mastigia represents, better 
than any other genus, the ancestral character of the tferupoeellariida 1 , and 
that its species show approaches in various directions to those of other genera. 
I have suggested above that the pluriscrial condition was prolmbly antecedent 
to the biserial condition ; and on this view A. kirkpatricki is a species which. 
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'has almost become biserial, while its basal hefarozooecia have acquired the 
'full vibracular form, so as closely to resemble those of Scrupocellaria. 
A. kirkpatricki from Marion Id., A. gaussi from the Antarctic, and A. crasri- 
margiwta from off Buenos Aires all come from localities within the range of 
Amastigia and apparently outside that of Scrupocellaria ; and their distri- 
bution supports the conclusion I have come to on other grounds as to their 
generic position. 

The vibraculum (fig. 47) possesses a rootlet-foramen of the usual kind, 
-situated opposite the proximal end of the muscular mass and given off from 
a small chamber separated by a calcareous wall from the rest of the vibraculum. 
The figure shows what appears to be another rounded chamber on the distal 
aide of the rootlet-chamber. In side view this is seen to be continuous with 
the main vibracular chamber, and it is really the foot by which the vibraculum 
is connected with the proximal end of its zocecium, a communication -pore 
-occurring in the wall which separates it from the zocncium. 

9. Amastigia gaussi (Kluge). 

Scrupocellaria gaussi, Kluge, 1914, p. 009, pi. 27. figs. .*1, 4. Antarctic. 

Closely allied to A. kirkpatricki , and differing from it mainly in possessing 
a scutum, and in being 2-5-serial. 

10. Amastigia solida [Kluge). 

Scrupocellaria solida, Kluge, 1914, p. 611, pi. 27. figs. 7, 8. Antarctic, 350-385 
metres. 

Un jointed, 3-serial. Stalk of scutum connected with the middle' of its 
lamina, which is lobed externally. Frontal avicularia occur, but marginal 
avicularia are not described. Basal avicularia paired, directed transversely 
inwards, the rostrum rather more vibraculoid than in the last species. 
Median zocecia reduced on the basal surface. 

11. Amastigia Antarctica [Kluge). 

Anderssonia antarctica , Kluge, 1914, p. 618, pi. 33. figs. 3. 4. Antarctic, 76-170 
metres. 

Unjointed, 6-8-serial. Scutum and spines wanting, the opesia with 
straight lateral margins. The marginal zomcia face outwards, and they form 
the whole of the basal surface. Frontal avicularia present. The lateral 
avicularia described appear to be morphologically basal avicularia, since they 
are placed on the proximal and not on the distal ends of the zocecia. They 
are large and are arranged alternately on the basal surface, the rostrum 
-directed obliquely proximally and being linear distally. A rootlet-foramen 
is present, a structure which seems to decide the question that these are basal 
heterozooftcia. 

This species differs from the others described by Kluge in the absence of 
opines and scuta ; and in these respects it has a considerable resemblance to 
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the Craspedozoum group of Menipea. Its reference to Amastigia seems to be 
indicated by its well developed basal haterozooecia and by the complete 
exclusion of all the zooecia except those of the marginal rows from the basal 
wall. 

12. AmASTIGIA FAT Kill FORMI8 (Busk). 

Menipea paterifnrmie , Busk, 1884, p. 22, pi. 5. figs. 4, 4 a. Off Valparaiso. 2160 
fathoms. 

The type-specimen (Brit. Mus. 87.12.9.101) has not been satisfactorily 
described by Busk. It appears to be allied to A. antarctica , which it 
resembles in the absence of scutum and spines. It agrees with Amastigia in 
possessing basal heterozooecia, which may be regarded as avicularia, although 
the mandible is distally linear and rather long. The rostrum is directed 
obliquely proximally. The colony is apparently unjointed, the brauch thick 
andsemicylindrical, the marginal zooecia facing obliquely outwards ; a median 
row of zooecia, or two submedian rows, occurring in parts of the colony, 
liootlets in two lateral groups. Frontal avicularia stout and prominent, tlu* 
mandibles broadly triangular proximally, becoming narrow distally. Ovicells 
large, and distinctly long and narrow. 

2. Menipea, Lamouroux . 

Menipea, Lamouroux, 1812, p. 183. 

Craspedozoum , MacCillivniy, 1886, Trans, Proc. R. Soc. Viet. xxii. p. 131. 

Flabtillarie (pars), Waters, 1898, J. Linn. Snc. xxvi. p. 072. 

Ftabeliinu , Levinsen, Vid. Medd. Xaturh. Foren. Copenhagen, 1902, p. 21. 

Celltdaria (pare). Busk, et auett. 

Zoarium jointed (rarely unjointed) : the joints, if present, traversing the 
opesia of each of the inner zouecia at a bifurcation (Types 17, 18, PI. 17. 
figs. 17, 18). Branches biserial to pluriserial. Scutum wanting. Frontal 
and marginal avicularia present or wanting ; basal beterozocecia found only 
in M, vectifera . In several species a frontal avieularium may grow inwnrds 
into the body-cavity, instead of occupying the position normal to these 
avicularia. Rootlets associated with a bifurcation originating ou the distal 
side of the joint. The rootlets are nearly always in lateral bundles, as in 
Amastigia and Notoplites . 

The genus Menipea , as usually understood, embraces a number of species 
which are apparently not nearly allied. I lay special stress, in re-defining 
the genus, on the fact that (in all the jointed species) the joint traverses 
the opesia of the inner zooecium, in each branch. This may happen in such 
'ft way that a portion of the opesia lies on each side of the joint (PL 17. 
fig. 17) ; or the proximal end of the opesia may lie in the region of the 
joint (fig. 18). The relation of the joint to the opesia is implied by Busk 
(1852 9 , p. 21) when he states that in M. cirrata one of the lower zooocia in the 
dnternode is more or less aborted. 
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The species here included in Menipea form a group with a considerable 
resemblance to one another in general facies. It will be observed that (No. 2 
excepted) they are all Southern forms, and that none of the Northern species 
are included: — a result which has already been anticipated by Norman 
(1903, A.M.N. H.(7) xi. p. 578). 

1. Menipea crispa (Pall.). (PI. 17. fig. 17.) 

Cellularia crispa, Pallas, 1760, p. 71. 

CeUaria rirrata, Ellis and Solander, 1780, p. 110, pi. 4. figs, d, D. “ East Indies." 

Menipea cirrata, Busk, 1862®, p. 21, pi. 20. figs. 1, 2. S. Africa. 

Menipea crispa, Marcus, 1922, p. 11. 

Easily recognizable by the characteristic inflexion of the branches, described 
by Pallas and well represented in Ellis and Solander’s fig. d, and by the very 
long, cylindrical frontal avicularia (Busk, fig. 1), situated on the proximal 
border of the opesia, which they overarch. There are typically six zooecia in 
the internode, which commonly has a single, large lateral avicularinm. 
Three strong, curved spines, jointed at the base, are commonly present on 
the outer side of the distal end of the zocecium. 

2. Menipea flabellum (Ell. and Sol .) . 

CeUaria flabellum (pars), Ellis and Solander, 1786, p. 28, pi. 4. figs, e, C. 

Ellis and Solander state that two distinct species are included in their 
account of C. flabellum, one from the Bahama Is. and the other from the 
E. Indies. From the description it would appear that the figured specimens 
are from the Bahamas, although they might quite well be taken to represent 
the South African form to tfhich this name has usually been applied. 
Perhaps a mistake in the locality of the specimens was made in the original 
account ; but in view of the uncertainty of the question I think it best to 
use the name given by Busk, as indicated in the next species, for the 
common S. African speoies. M. flabellum. Ell. and Sol. may be regarded a» 
at present unrecognizable. 

3. Menipea ornata (Busk). 

f Cellularia floccoia, Pallas, 1766, p. 70. 

Cellularia ornata, Busk, 1862*, p. 20, pi. 26. figs. 8, 4. Algoa Bay. 

Menipea flabellum, Busk, 1884, p. 21. Simon’s Bay, Cape of Good Hope. 

,, ,, Marcus, 1922, p. 18, figs. 7 a-c. 

Flabellane flabellum. Waters, 1898, J. L. 8. xxvj, p. 672, 

Internodes often increasing regularly in width from the proximal to the 
distal end, their lateral margins nearly straight ; the number of constituent 
zooeeia reaching at least 13. Marginal avicnlaria and spines wanting. 
Frontal avicnlaria inconspicuous, not prominent, often confined to the zooecia 
E, F, and G ; when on F and G occurring on the part of the zocecium 
on the proximal side of the joint, as shown in Bosk's fig. 3. 
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4. Menipea pat ago nio a, Busk. 

Menipea patagonica, Busk, 1852 8 , p. 22, pi. 23 . fig. 1; pi. 25. figs. 1-3; pi. 20. 
figs. 1, 2. Falkland Is., Patagonia. 

Menipea pat agonica, J allien, 1888, Miss. Sci. Cap Horn, vi. p. 71, Tierra del Fuego. 

P Scrupoctliaria pat agonica, Kluge, 1914, p. 616, text-fig. 4. Kerguelen. 

Internodes commonly consisting of six zomcia. A single spine typically 
present on each side, or two on the outer side, distally. Marginal avicularia 
well developed, frontal avicularia small. 

5. Menipea maiuonensts, Busk. (PI. 17. fig. 22 ; PI. 19. figs. 43-45.) 

Menipea marionemi* (pars), Husk, 1884, p. 21, pi. 4. figs. 3, 3 a { specimen s from 
Stat. 142, Cape of Good Hope, 150 fathoms, only). 

Branches mainly biserial, the axillary zooecium sometimes preceded by a 
more proximal median zooecium. Internodes usually of 3-5 pairs of zooecia, 
in addition to the median zotecium or zomcia, but sometimes with a larger 
number, particularly in those with oviceils. Zocecia facing obliquely 
outwards, from a raised keel passing down the middle of the branch. Opesia 
nearly oval, but distinctly wider distally, the cryptocvst more developed 
proxitnally than elsewhere. Strong calcareous spines given off hasally from 
the edge of the cryptocvst, in young zocecia, becoming more numerous with 
increased age, and some of them directed frontally. Spines usually two 
external and one internal, often one on each side, the external spine the more 
distal. Scutum wauting. Frontal avicularia single on most of the zooecia, 
the rostrum directed obliquely proximal ly ; not quite reaching the opesia. 
Two symmetrically placed frontal avicularia may occur on the axillary 
zooecium, where two median zooccia are present. Frontal avicularia of the 
usual type may be replaced by internal avicularia (PI. 17- fig. 22 : PI. 19. 
figs. 43, 44), situated in the body-cavity. Marginal avicularia moderate, 
constantly present. Vibracuia and basal avicularia wanting. Oviceils very 
short, wider than long. At the bifurcation (tig. 22) both branches are 
jointed, the distal end of the pareni-internode being prolonged beyond the 
axil like the base of a tuning-fork. The joints arc thus at some distance 
from the axil and traverse the proximal end of the opesia of each inner 
zooecium. Zocecia F and O meeting in a long median suture on the basal 
aide of £. 

The material which was described by Busk as M. marionensis included two 
very distinct species, as has beeu explained above (p. 336), under Amatthm 
Mvkfmrieki. The 4 Challenger 5 specimens ( Brit. Mus.) referable to M. marion- 
ensis are four slides, 87.12.9.94, 95 and 99.7,1. 698, 699, all from Stat. 142 ; 
87.12.9.94 being marked as the type. 

In examining the spirit material of Menipea trtseriata obtained by the 
* Challenger * from Simon’s Bay, ('ape of Good Hope, I found a frag- 
ment of another species, the original of my figs. 22, 43, and 45 of this* 
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species. Its determination was confirmed when I remounted in Canada 
balsam one of Busk’s dry slides (99.7.1.698) of M . marionensis from Stat. 
142. Fig. 44 has been drawn from Busk’s slide thus treated. 

The calcareous spines developed from the cryptocyst are one of the most 
striking features of a Canada balsam preparation of Menipea marionensis . 
They are relatively few in young zooecia, in which they are directed towards 
the basal surface (figs. 22, 43, 44). In the older zooecia (fig. 45) they are 
much more numerous, some of them being branched, and some of them being 
directed towards the frontal membrane. These spines appear to be of the 
same nature as the similar structures which have been described by Levinseit 
{1909, p. 138, pi. ii. fig. 7, c-e) in Menipea roborata . As in other members 
of its family, each distal zooecium of Menipea marionensis overlaps its 
predecessor to a considerable extent on its basal surface, as indicated in 
fig. 22. In the older zooecium represented (fig. 45) p is the proximal wall 
of the distal zooecium, and the opesia has been restricted by the formation of 
a horizontal calcareous lamina, the free edge of which is in the form of a 
Gothic arch (*) ; while the opesia is further reduced by the enlargement of 
the proximal cryptocyst. 

The remarkable internal avieularia of this species are described above, in 
Sect. IH. 

6. Menipea triseriata, Busk . (PI. 17. fig. 18 ; PI. 19. figs. 40-42.) 

P Crista elegant, Lamouroux, 1821, p. 6, pi. 65. figs. 4 7. Cape of Good Hope. 
Menipea triseriata , Busk, 1852®, p. 22, pi. 23. figs. 2-4. 8. Africa. 

„ „ Busk, 1884, p. 21. Cape of Good Hope. 

„ „ Waters, 189,8, J. L. S. xxvi. p. 672, pi. 48. fig. 12. 

Internodes more or less triserial, composed of numerous zooecia. External 
spines 2, internal 2, on outer zooecia ; 1, 1 on median zooecia. Oyptocyst 
strongly developed on the proximal side of the opesia, covered with minute 
tubercles, its free margin here strongly thickened, and usually produced into 
a strong median tooth which may be directed basally. Marginal avieularia 
on most of the zooecia. Frontal avieularia often two on the median zooecia, 
one of which may be replaced by an internal avicularium ; reversed (the 
rostrum directed distally) on the distal side of an ovicel), an arrangement 
commonly found in this genus. The outer frontal avicularium is wanting 
on the marginal zooecia. Ovicells short, usually broader than long. 

The British Museum possesses a number of slides, all from South Africa. 

A specially interesting feature of this genus is the possession of internal 
avieularia (figs. 41, 42), which have been described above, under Sect. III. 

7. Menipea quadrata (Busk)* 

Cellularia quadrata, Busk. 1884. p. 18, pL 5. figs. 5-5 h. Kerguelen, Heard Island. 
Internodes long and narrow, consisting of numerous zocBcia. Spines and 
frontal avieularia wanting. Marginal avieularia small. 
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8. Menipea flagellifera, Busk . 

Menipea flagellifera, Busk, 1884, p. 21, pi. 4. fig’s. 1-16. Kerguelen, M«rion Id., 

Straits of Magellan, W. of Falkland Is. 

Scrupocellaria flagellifera, Kluge, 1914, p. 615, test-fig. 5. Kerguelen. 

Tnternodes of moderate length. Usually a single external spine. Mar- 
ginal avicularia large. Frontal heterozooecia vibraculoid. 

The frontal heterozooecia of this species are so peculiar as to suggest the 
possibility that it should be placed in a new genus. I refer it to Menipea 
because it has the mode of bifurcation characteristic of the genus, the joints 
traversing the opesia of each inner zocecium. The frontal heterozooecia, 
which are constantly present, have the seta of a vibraculum, but they do not 
possess the rootlet-foramen which is always found in a basal heterozocecium, 
whether it is an avicularium or a vibraculum. In view of the fact that in 
Amastigia avicularia and vibracula are interchangeable on the basal surface, 
a corresponding plasticity may perhaps be conceded to Menipea, The struc- 
tures in question replace the frontal avicularia of other species ; and, in 
spite of the presence of a greatly elongated mandible, I think they may be 
regarded as avicularia. # f 

9. Menipea spicata ( MaeliiUivray ). (PI. 17. fig. 19; PI. 18. figs. 32, 

34, 35.) 

Cras/wflozouiu epientum, MacGillivray, 1880, p. 132, pi. i. figs. 2, 2a; 1889, Prodr. 

Zool. Viet.., i>ec. xviii. p. 283, pi. 177. figs, 3-36. Victoria. 

Utiilaminar. Internodes curved frontally, composed of numerous zotecia, 
biserial at their origin, becoming 4-serial distallv. Bifurcation cymose, 
owing to the fact that only one of the branches is jointed ; the ultimate 
branches being unilateral cymes and the larger stems being bilateral (fig. 19). 
'While the lateral internodes give off a single branch, those of the larger 
etems give off two branches, one on each side. The proximal branch comes 
off near the commencement of the internode, and forms the commencement 
of a lateral branch. The distal branch is placed in the line of the main 
stem, of which it forms a segment, aud the distal, unjointed termination of 
the parent-internode diverges from the stem, on the same side of it as the 
proximal branch. The mode of branching of M, spicata does not seem to 
have been previously noticed, but a similar suppression of one of the joints 
occurs also in the allied genera Kotoplites and Triccllaria, The affinity of 
M. spicata to the other species which I place in Menipea is shown by the fact 
that the joint traverses the opesia of an inner zocecium. 

M . spicata has two well-developed spines on the outer side of the marginal 
zooscia and one on the inner side ; and one spine on each side of the median 
zooecia* The cryptocyst is strongly developed on the proximal side of the 
opesia, and calcareous spines project into the body-cavity from the lateral 
walls, as in M. roborata . The ordinary frontal avicularia do not occur on all 

25* 
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the zooecia, but when present they are large and prominent. They are very 
asymmetrical, the rostrum much elevated, and situated at the outer side of 
the zooncium, indicating that the avicularinm is one of the pair found in 
other species, its direction being as required by this hypothesis. Internal 
avicularia (figs. 32, 35) occur, always in zooecia which do not succeed an 
ovicell, and, as noticed on p. 319, they are concealed by the proximal 
cryptocyst, in frontal view. They are considerably smaller than in M. roho - 
rata, and they lie close to one side of the zooecium, being directed almost 
vertically towards the basal surface. Ovicells occur only on the two median 
rows, and two strong calcareous thickenings of the frontal wall converge 
distally, uniting with one another to form a strong recurved spike projecting 
in the middle line beyond the ovicell (fig. 34). The basal walls of the 
median zooecia are considerably constricted near the middle (fig. 35). 

This and the next two species were placed in Craspedazavm by MacGillivrav 
(1886, Trans. Proc. It. Soc. Viet. xxii. p. 131), who instituted this genus for 
their reception. They are all provided with the lateral bundles of rootlets 
which usually occur in Menipea . The pore-chamber for the rootlet (fig. 35) 
is situated in the usual place, at the proximal end of a marginal zorecium, 
and it probably represents a vestigial basal heterozooeeium. It is incon- 
spicuous in M . spicata , in which there are no blister-like pore-chambers on 
the terminal walls, at their insertion into the basal wall. 

The British Museum possesses several slides of Victorian specimens 
(88.11.14.97, 298; 97.5.1.459,460; 83.10.15.46). 

10. Menipea lkujlata ( MacGUlii'vay ). (PI. 18. figs. 31, 33.) 

Oraspedosoum ligulatum, MacGillivrav, 1886, p. 132, pi. 1. lipn. 3 Ha; 1889, Proilr. 

Zool. Viet., Dec. xviii. p. 283, pi. 177. figs. 1, ] b, 2. Victoria. 

Flabellaris roborata, rar. ligulata, Waters, 1898, J. Linn. Soc, xxvi. p. 672. 

Menipea ligulata, Levinsen, 1909, p. 140, pi. 2. figs. 8 a-*. 

Unilaminar, the frontal surface convex, with the marginal zooecia facing 
partly outwards, the basal surface flat or concave. Branches composed of as 
many as nine rows of zooecia, unjointed. Proximal cryptocyst less extensive 
than in M. spicata, usually prolonged into a thick calcareous spike or column 
(fig. 31 ), descending basally into the body-cavity, on one or both sides. When 
paired these spikes are not on the same level, one being usually just visible 
in frontal view, at the proximal end of the opcsia, the other completely con- 
cealed by the cryptocyst and best soon in a hasal view of a Canada balsam 
preparation. Spines 1, 1, well developed. Frontal avioularium single, 
symmetrical, its rostrum broadly triangular and directed proximally, shorter 
and wider than in M. spicata ; not developed on the distal side of an ovicell. 
Internal avicularia (fig. 33) father short, nearly horizontal, the base wide, 
the rostrum just appearing iu the proximal end of the opcsia. Ovicells 
longer than wide, the two calcareous liars uniting in a wide Gothic arch near 
the distal end, with a short median niucro. llasal walls of zocucia strongly 
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constricted laterally, the arrangement being as in Ama&ligia rudis (PI. 17. 
fig. 27), the basal wall correspondingly sinuate. Branches bordered by lateral 
groups of rootlets, as in the allied species, given off from pore-chambers at 
the proximal ends of the marginal zooecia. The terminal walls may or may 
not be provided with blister-like pore-chambers at their insertion into the 
basal wall. 

Victorian specimens, Bracebridge Wilson Coll., in British Museum, 
97.5.1.453,454. 

Waters regards this as a unilaminar variety of M. rohorata , but I think its 
characters entitle it to specific rank. 

11. Mempka uoitoiiATA ( Uincks ). (PI. 18. figs. 28-30.) 

Mvtnhmnipora rohorata, llijicks, 1861, A. M. IS’. If. (•*») viii. p. 128, pL 2. tigs. 3, 3 a, 
Curtis Id., itass Straits; 1892, Ibid, (6) ix. p. 331. 

Flmira tnembraniporidet t, Busk, 1884, p, 54, pi. 32. tigs. 7 a,b. Tort Jackson, Bass 
Straits. 

Crmtprflozoum roborntum , Mac(»illi\ ray, i860, p. 131, pi. 1. tig. 4 ; 1889, Prodr. Zool. 
Viet., Deo. x viii. p. 284, pi. 177. tiu r «. 4. 5, 5 a. Victoria. 

FhMlari* rohorata (pars). Water*, 1898, J. L. S. xxvi. pp. 900, 002, 072. 

FtahMna { F(ubellaris) rohorata . Levinseu, Vid, Mtdd. Naturh. Foren, Copenhagen, 
1902, p. 21. 

Men t pm rohorata i jxtro), Water**, 1887, A. Al. N. II. (5) xx. p. 183. 

Mtnipm rohorata , L*\ iusen, 19U9. pp. 3, 9, 131, 132, 138 , pi. 2. tip*. 7 a-h ( Flahellina 
on plate). 

Bilaminar, unjointed, pluriserial, with at least 17 row> of zocecia, the 
branches bordered by marginal bundles of rootlets, widening terminally and 
assuming an almost Flustrine appearance. Basal walls of the median zooccia 
only slightly constricted, laterally, near the middle. Spines 1, 1. Crypto- 
cyst loss developed than in M . Hgnlata, Thickening bars of ovicells uniting 
in the form of u Gothic arch and more or less acuminate ; or in a rounded 
curve, without a muero. Frontal avicukria paired (except on the lateral 
zooecia, where the avicularium is single) close together, 1 he rostrum directed 
obliquely proximally; two constantly present on the distal side of an ovieell, 
widely separated, their direction reversed. Internal frontal aviouiaria large, 
directed nearly horizontally, on the basal side of the cryptocyst ; their distal 
end visible at the proximal end of the opesia. Rootlet pore-chambers of the 
marginal zooecia inconspicuous. Blister-like pore-elmmbers on the proximal 
aide of the insertion of the terminal walls into the basal wall present or 
absent. 

The synonymy shows that there has been much difference of opinion with 
regard to the generic position of the present species ; but I agree with 
Waters and others that it must be placed in Menipea, Hincks (1892) and 
Waters have both expressed the opinion that M, ligulata and M, spicata are 
varieties of this species. That it actually belongs to Menipea is indicated by 

4 jncata 9 which has the typical unilaminar character of the genus, while 
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retaining the characteristic position of the joint at the bifurcation. This 
species has a close resemblance to 37. spicata in ail essential details of 
structure ; and its internal avicularia (figs. 29, 30) found also in other 
species (see Sect. III.) are a striking point of agreement.. Another resem- 
blance is the occurrence in both species of calcareous spines projecting into 
the body-cavity, as originally described by Levinsen. On separating the 
two Jamime of a branch of 37. roborata , after boiling in Eau de Javelle, it is 
found that while rosette-plates are wanting in all the zooecia of the median 
rows, typical lateral rosette-plates occur on all those of the two marginal 
rows. 37. liffulata shows a distinct tendency to curve the margins of its 
branches towards the basal surface. If this process were continued until 
the edges united to form a hollow unilaminar cylinder, with the basal 
surface internal and the frontal surface external, and iF this cylinder were 
then compressed so that the cavity disappeared and the basal walls of opposite 
sides came into contact, a bilaminar branch would result. At each lateral 
margin the external zooecia would be united by rosette-plates, while none of 
the others would be thus united. This is the arrangement actually found in 
M, roborata. 

Specimens (slides) in the British Museum : 97*5.1.455, 457. Victoria, 
Bracebridge Wilson Collection ; 81.10.21.352-354, Port Jackson : 50.5.2.2. 

12. Menipea vectifera *, n. sp. (PI. 17 . fig. 23; PI. 18 . figs. 36-39.) 

Unilaminar, the frontal surface flat, the basal surface also flat or slightly 
convex ; the branches composed of as many as seven series of zocecia, and 
bordered by lateral bundles of nootlets. Apparently not normally jointed, 
although secondary breaks are formed across the branches, becoming 
converted into joints by the development of irregular chitinous tubes. 
Habit as in 37. spicata , but less calcified. Cryptocyst (fig. 23) finely tuber- 
cular, the proximal part extensive, especially in the marginal zooecia, the 
free edge narrow on the distal side of an ovicell. A pair of long bars, 
expanding at their free ends in a palmate manner (figs 37, 39), descend 
from the thickened edge of the proximal cryptocyst into the body-cavity, 
their direction being nearly vertical, but with a slight slope proximally. 
Spines small, 2, 2, the inner or distal pair commonly vestigial and recognizable 
by their tubular cavities trasversing the oral frame, as seen in a Canada 
balsam preparation. Frontal avicularium single, asymmetrical, commencing 
at one edge of the proximal cryptocyst, the rostrum directed transversely or 
slightly proximally, the mandible rather elongated and linear distally. On 
the distal side of an ovicell two frontal avicularia occur, widely separated, 
their rostra reversed so as to point distally and outwards. Internal 
avicularia (fig. 36) found in several cases in the more proximal zooecium of 
the two formed when a row is doubled, close to the concave side of the 

* Vectis } a bar ; referring to the two bars borne by the proximal cryptocyst. 
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zooecium and directed more or less basally ; concealed beneath the proximal 
cryptocyst in frontal view. Marginal avicularia (fig. 23), on the marginal 
zocecia, small, with a deep cavity excavated in the distal part of the outer 
calcareous wall. Basal surface of zooecia moderately constricted laterally, 
the terminal wall showing one, two, or even three blister-like pore-chambers 
projecting into the proximal zomcium, close to the basal wall. A con- 
spicuous pore-chamber giving off a rootlet at the proximal end of each 
marginal zocecimn, situated just distally to the marginal avicularium. A 
single basal heterozoo*cium (fig. 38) sometimes present at the angle of the 
bifurcation, its rostrum narrow and elongated distally. Ovicell* without 
distinct thickening bars, the free edge of the ectooeeium forming a rounded 
curve, passing near the sides and distal margin, and not giving rise to a 
mucro. Operculum distinct and Menibraniporiibrm, without basal sclerite, 
but with well-marked lateral, triangular, ocelusor flanges. 

Described from three specimens in the British Museum Collection, all 
from New Zealand : — Hindis Collection, 99.5.1.1)30 (Tvpe) and 458 (labelled 
Mentbrampora robomia) ; Busk Collection, 99.7. 1.703 (labelled Menipea 
multiseriata ). 

This interesting species would be referable to Cnupedoztnnn if that genus 
were recognized as distinct. In the presence of internal avicularia it 
agrees with the other three species which were placed in that genus by 
Madiillivrav. But this feature allies flic Craspedozoum group with typical 
species of Mentpra such as M. triwriala and M . marionensis* while < sjnratum 
shows a further agreement with Me nip fa in the character of its jointing. 
The present species, in retaining a single basal hetcrozomcium at the bifur- 
cation, indicates that these structures form a part of the original inheritance 
of the genus, as in other genera of Serupoeellarmhv, and notably Amastipia 
and Xotojdites. The presence of marginal avicularia, which I have not 
found in other species of Cnupedozoum, is a further feature of interest. 

13. MeNIPEA MI LTISERIATA, JJusL 

Menipta MuUbvrittta, Busk, 1852 p, 22. pi. <50. tigs. 1, 2. Xew Zealand. 

Uniluminur, multiserial, jointed, bordered by marginal groups of rootlets* 
the number of series of zooecia at least 8. Basal walls of the zooecia hardly 
contracted laterally. Spines 1, 1. Ovicells closely resembling those of 
M, roborata . Frontal avicularia 2 on the median zooecia, the rostrum 
directed obliquely proximally ; two constantly present on the distal side of an 
ovicell, the rostrum directed nearly transversely outwards ; one on the 
marginal zooecia. A small lateral avicularium on the marginal zooecia. 

Busk considered this species nearly allied to J/. triseriata , and possibly a 
variety of it. The locality was said to he unknown by him. The type-slide 
(99.7.1. 112.D) was not returned to the Museum on the completion of the 
Catalogue, but it came later, with the remainder of the Busk Collection 
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received in 1899. It was then unnamed, but it had been marked by Busk 
“ New Zealand.’’ The specimen was determined by Mr Kirkpatrick, in 
1904, as the missing type-slide. The evidence in favour of this view seems 
to me conclusive. A portion of the specimen exactly resembles Busk’s 
fig. 1 ; and there are certain agreements between the specimen and the 
figure, particularly the occurrence of u minute emarginntion in the outer 
outline of the uppermost marginal zoceeium, on the left side, which show 
that the figure had been drawn with great accuracy. It must therefore be 
assumed that Busk had obtained evidence; after the publication of his 
description, that the figured specimen came from New Zealand. It may 
here be noted that Waters (J887, A. M. N. H. (5) xx. pp. 84, 183), who does 
not admit the specific distinctness of M . roborata and the allied forms, and 
has stated that a New Zealand unihnniuate form is jointed, may have had 
M. mvltiseriata under observation. It is possible, on the other hand, that he 
was referring to M. xwtifera . 

It is remarkable that the resemblance of M. multiserial a to Ji. roborata 
lias not previously been noticed. 1 have felt some hesitation in separating 
them, but 1 think this procedure may be justified on the following grounds: — 
M . multiseriata is unilaminar. I do not think it is a specimen of JV. roborata 
in which the laminae had become separated, because the marginal zooecia 
show no rosette-plates and because occasional rootlet? pass across the 
basal surface. The species under consideration has marginal aviculuria, 
which do not occur in M. roborata ; and it is jointed, another definite 
difference. In a normal bifurcation of the type-specimen it appears to me 
that only one of the branches of *the fork is jointed, und that in this one the 
joiqt traverses the opesia of the innermost zocecinm. The jointed branch 
consists of only 2 or 3 zocecia at its base. In other parts, secondary joints 
occur as in certain other species of Menipea . The joint in these cases 
traverses the whole width of a branch, without having any relation to a 
bifurcation. It has clearly been formed by absorption of the calcareous 
matter, but the separate edges are joined by irregular Glutinous tubes, which 
have the appearance of being new formations, and not simply the chitinous 
lining of the zone of the zooecium which lies in the region of the joint. 

I have been unwilling to interfere with the type-specimen to the extent 
that would be necessary in order to obtain evidence with regard to the 
occurrence of internal avicularia; and I must leave this point undecided. 

3. Notopijtes *, n. gen. Genotype, iV. rostratWi n. sp. 

CeUuhria (pars), Menipea (pare), and ScrupoceUaria {par*), auett. 

Bifurcation of type 15 (fig. lo), one or both branches jointed, the proximal 

segments of F and G in contact and much longer than the corresponding 

* 

• v&rov, beck ; 6irAiY«c, ad armed man ; in allusion to the bteal avicularia. 
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parts of J and K. The joints are on the distal side of C and 1), and traverse 
the proximal ends of GK and FJ without passing through an opesia. 
Rootlets given off on the distal side of the joint. Zoujcia elongated, the 
opesia relatively short. Basal avicularia, approaching a vikraculoid form, 
typically present, and then usually confined to the neighbourhood of the 
axils ; the rootlets giv«*n off by them or from other parts closely applied lo 
the margins of the branches and strengthening the axils. Scutum, frontal 
and marginal avicularia present or absent. Ovicells typically large, and with 
a frontal fenestra. Zoarium biserial. 

I proposo this genus primarily for several deep-water species represented 
in the 4 8iboga’ (Collection, all of them supported by an cdongaled stalk 
composed of parallel rootlets, which diverge at the ba.>e to form an anchoring 
tuft — a type of growth frequently found in Clieilostomes from deep waiter. 
I select as the genotype A r . ro*t rat m*, of which I give a preliminary diagnosis; 
this species representing the genus in what I consider the full expression of 
its characters, some of which are lost in other species. The features winch I 
regard as specially characteristic are : (1) the mode of bifurcation, the joints 
being at a considerable distance from the axil (a convenient way of 
recognizing members of the genus), and the position of the joints, which are 
completely on the distal side of and 1); (2) the occurrence of basal 
lieterozomoiu, commonly confined to the bifurcations. Certain species do not 
possess these structures, but their affinity is indicated by the mode of 
branching. 

jSotnplites appears to he allied to Amastiyia, as shown by the occurrence of 
basal avicularia ; but it differs from that genus in being biserial and jointed, 
in the longer zomcia, and in having the basal avicularia confined, as a rule, to 
the bifurcations. It differs from Menipea in the fact that the joint does not 
traverse the opesia of the inner zomcium at a bifurcation. Jt will be observed 
that the genus, as here understood, occurs from the Arctic to the Antarctic 
Oceans, but that a connecting-link is afforded by the 4 Siboga 1 species, from 
the neighbourhood of the equator. 

1. Notoputks rostkatus, n. sp. 

Zoarium reaching a length of 55 mm., attached by a proximal tuft of 
rootlets which separate from a main stem, about 20 mm. long, composed of 
parallel rootlets. Zooocia long and narrow , their outor outline concave ; the 
opesia, which occupies less than half the frontal length, oval, much reduced 
proximally by a broad, crescentic cryptocyst. Distal spines 2 external, 
1 median, 1 internal, with another arising from the basal surface. Scutum 
jointed at the base, the lamina lobed, its distal portion the smaller and 
generally acutely pointed and narrow'. Frontal avicularium, in ordinary 
zomcia, variable in size, elevated, at some distance from the opesia, 911 the 
inner side of the cryptocyst, reclining against the opesia of the preceding 
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alternate zooecium, the rostrum linear and directed obliquely inwards and 
distally. Frontal avicularia m succeeding an ovioell gigantic, directed trans- 
versely outwards, the upeurved rostrum resting on the distal border of the 
ovicell, the much elongated linear mandible on the distal side. Marginal 
avicularia varying in size, usually small, the rostrum directed obliquely 
outwards, basally and proximally ; occasionally gigantic ; on the fertile zocecia 
gigantic, originating slightly on the basal side, the rostrum directed distally, 
nearly parallel to the edge of the branch, the distal half free, the mandible 
on the outer side. Basal avicularia (ono pair) occur on the inner zooucia 
succeeding the joints, inflated proximally, the long linear rostrum directed 
distally ; each giving off a rootlet at its proximal end, in line with itself, the 
rootlet running closely attached to the margin of the axil. Ovicells large and 
very long, imperforate except for a transversely elongated fenestra, on the 
frontal surface, near the orifice. 

* Siboga ’ Expedition, Stat. 211, 5° 40' 7" S., 120° 45' 5" E., 1158 metres. 

Various species which have been referred to oilier genera appear to belong 
to Notoplites; and, in some of these, basal avicularia have already been 
described or have been found by me in specimens in the British Museum 
Collection. In other species basal avicularia seem to be wanting ; but here, 
as in other genera of Scrupocellariidae, it may be assumed that an important 
generic character may fail to develop, the affinities* of the species being 
indicated mainly by the mode of bifurcation. 

(a) Species in which basal avicularia occur. 

2. Notoplitks biloba (Busk). 

CeUularia biloba , Busk, 1884, p. 18, pi. 8. figs. 2 Azores, JXX) fathoms. 

Resembling N. rostratus in habit, in the form of its zoiecia, scutum, 
marginal avicularia, and ovicells. Frontal avicularia wanting. The ‘Chal- 
lenger 3 * 5 * * * slides (87.12.9.63, 64) show a pair of small transverse basal avicularia, 
which were not noticed by Busk, at the bifurcation. 

3. Notoplites crateriformis (Busk). 

Cellularia crahriformis Busk, 1884, p. 16, pi. 3. figs. Mi. E. of Buenos Aires, 
1900-2650 fathoms. 

Resembling the preceding species in habit and in the marginal avicularia. 

Scutum and frontal avicularia wanting. Of the ‘ Challenger 9 slides (87.12,9. 

51, 52) 51 shows a pair of small basal avicularia, directed nearly transversely, 

at a bifurcation. These seem to be referred to by Busk, who says: 

" Occasionally a radical tube may be seen supporting, instead of an ordinary 
zocecium, a small curiously formed avicularium.” 
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4. Notoplites AVICULARIJE ( Yanagi $ Okada). 

Scrupocelluria avkularia, Yanagi & Okada, 1918, Ann. Zool. Japon. ix. p. 418, pi. vi. 
tig. 4, text-fig. 4. Japan, 78 fathoms. 

Scutum large, with a complicated cavity. Frontal and marginal avicu- 
laria small. Basal avicularia small, the rostrum directed obliquely proximally 
and inwards, not confined to the bifurcations, but occurring alternately, on 
the proximal ends of the zomcia. The text-figure shows cleat ly the origin of 
a rootlet from a basal avicu lari urn. 

5. Notoplites marscpiatck ( Jullien ). 

tknqncellaria marsupiata , Jullien, 188:?, Bull. Soe. Zool. France, vii. p. 500, pi. 13. 

figs. 17-20. X.W. of Spain, 2018 metres; 1888, Miss. 

Sci. Cap Horn, vi. Zool. p. 09. 

,i Calvet, 1907, Exp. Sci. * Travailleur ’ vi * Talisman,’ viii. 

p. 3i i . 

„ Waters, 1888 , 4 Challenger ' Hep. pt. lxxix. p. 9. 

Mtnipen clausa. Husk, 1884, p. 20, pi. iv. figs. 5, 5 «. W. of Azores, 1075 fathoms, 

Jullien and Waters both poiuted out in the same year (1888) that Busk's 
species is a synonym of *S. marsupiata. A special peculiarity of the species is 
that the convex scutum so completely fills the optteia that it appears at first 
sight to bo the frontal wall. It is attached to its stalk at the distal iuner 
corner, and its free border is marked by characteristic radial slits, in the 
4 Challenger ’ specimen (87.12.9.83) at least. Frontal and marginal avicu- 
laria small. Jullien states that lie found a single basal vibraculuin in tins 
species, and Waters points out that Kirkpatrick has found vibracula on the 
basal side, on two zoiecia. 

(b) Species in which basal ancularia are not recorded . 

6. Notoplites elongates ( Busk ). 

CeUidaria elongata , Busk, 1884, p. 19, pi. 3. tigs. 3-3 b. Kerguelen, 28 tatliniuss 

Scutum elongated, the distal lobe the smaller. The * Challenger ' slides 
(87.12.9.65, 66) show that this species agrees in its bifurcation with JVWo- 
plites . Marginal avicularia small, frontal avicularia wanting. I cannot find 
any case in which two median zooecia occur, as shown in Busk's tig. 3 a . 

7. Notoplites jeffrkysii (iVorman). 

Menipca Jeffrey sii , Norman, 1868, Q. J. AI. S. (n. s.) viii. p. 213, pi. 5. tigs. 4 8 *. Shet- 
land; 1893, A. AI. X. 11. (ft) xii. p. 446, pi. 19. lig. i. Hardanger 
and Trondhjem Fjord?, Fiwnark ; 1903, Ibid. (7) xi. p. 579. 

, „ Ilincks, I860, p. 42, pi. 9. tigs. 1, 2. Shetland. 

„ „ Nordgaard, 1918, Troius^ Mus. Aarsheft. xl. (1917), p. 35. 

In his 1893 paper Norman pointed out that the scutum is not correctly 
described in his original account and in Hincks’ fig. 1, also referring to the 

* The figures are wrongly given in the text as 3-5, as pointed out by Norman (1903. p. 446). 
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original specimen, but that it fills the entire opesia (in the same way as in 
N. marsupiatus , Jull.). He refers to a figure by Alder, reproduced in his 
own original account (fig. 6), supposing that certain avicularia which appear 
to be on the basal surface are really frontal avicularia seen through the 
zooecia by transparency. It appears possible that these are really basal avicu- 
laria, and in a specimen from Norway in the Cambridge Collection 1 have 
•observed structures on the basal surface which may perhaps be of this nature. 

8. Notoplites SMITTII (Norman). 

Cellularia temata, forma duplex, $uiitt, 1868, Ufv. K. Vet.-Akad. Fork. xxiv. (1807) , 
pp. 283, 312, pi. 16. figs. 23, 26. Spitsbergen. 

Mtnipea smittii, Norman, 1608, Q. J.M. S. (ii. s.) viii. p. 214. 

„ „ Ili neks, 1880, p, 43. 

Menipea duplex , Levinsen, 1887, Dijmpbna-Togtetp zool.-bot. Udbytte (Copenhagen), 
p. 309, pi. 26. tigs. 1, 2. Kara Sea. 

Scrupocellaria smittii , Waters, 1900, J.L. S. xxviii. p. 37, pi. 7. figs. 8-11. Franz 
Josef Land. 

Hincks remarks of this species, which has frontal and lateral avicularia 
•but no scutum, that it is nearly allied to M. jeffreysii . The mode of branching 
characteristic of the genus may be seen in Smiths fig. 25 ; but it is better 
shown by Waters (fig. 8), who emphasizes its difference from certain other 
species. 

9. Notoplites antarctious (Waters). 

Scrupocellaria a ntarctica, Waters, 1904, ‘Helgica' Bryozoti, p. 23, pi. 1. figs, 5 a-e\ 
pi. viii. figs. 2 a, 4. Antarctic, 433-480 metres. 

„ „ Kluge, 1914, p. 606, pi 28. fig. 1. Antarctic, 330-385 

lustres. 

Frontal and marginal avicularia and scutum present. Waters* fig. 5 a 
shows the mode of bifurcation well. 

The three species next following, described by Kluge from Antarctic 
waters, may be referred to Notoplites , on the evidence of the bifurcation, as 
shown in the figures. 8. watersi appears to bifurcate in the same manner ; 
while S. perdita, in which there is no evidence with regard to this point, has 
-an ovicell resembling that of other species of Notoplites . 

10. Notofutks tenuis {Kluge). 

ScrupoeeMaria tenuis , Kluge, 1914, p. 608, pi. 27. fig. 2. Antarctic, 46-385 metres. 
Frontal avicularia and scutum present. Marginal avicularia wanting. 
Bifurcation clearly represented. 

11. Notoplites drygalskii {Kluge). 

Scrupocellaria drygalskii, Kluge, 1914, p. 609, pi 27. fig. 5. Antarctic, 70-885 
metres. 

Frontal and marginal avicularia present. The scutum fills the opesia, as in , 
Jeffrey di. Bifurcation figured. 
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12. Notoplites vanhofeeni (A ’luge). 

Scrupocellaria vanhoffeni , Kluge, 1914, p. 610, pL 27. fig. 6. Antarctic, 350-385 
metres. 

Frontal and marginal avicularia and scutum present ; differing from tbo 
preceding species in the scutum, which has a complicated or “ cervicorn 
cavity. Bifurcation figured. 

13. Notoplites vvateusi ( Kluge ). 

ScntpoceUana t rnteni, Kluge, 1914, p. 607, pi. 27. fig. 2. Antarctic, 350-385 
metres. 

Frontal and marginal avicularia and scutum present. The bifurcation 
represented in the figure is typical except for the zouecium B. 1 suspect 
that a mistake was made with regard to this point. 

14. ? Notoplites pkrmtus {Klmje). 

Scrupocfllaria p erdita, Kluge, p. 613, text-fig. 2. Antarctic, 2450 metres. 

Bifurcation not described. The scutum and ovicell resemble the corre- 
sponding parts in A T . restrains. 

Incerttr sedts (possibly belonging to Xotoplhei). 

15. Menipea kokmanj, Nardtmard, 1900, Norske Nordhavs-Exp., p. 4, pi. i. 

figs. 2-8. Off Norway, 408-1134 metres. 

16. ? Notoplites simplex (Klwje). 

tSerupocellaria simpler, Kluge, 1914, p. 607, pi. 27. tig. 1. Antarctic, 385 metres. 

Branches biserial, the opesia elongated, oval, with much raised margin^ 
Scutum and spines wanting. A single frontal ariculariiim, and occasionally 
a minute marginal avicularium. Ovicells unknown, basal heterozooecia not 
described. Hootlets at first, passing down the margins of the branches, given 
off from a chamber at the proximal end of the zooecium. Kluge states that 
this species is ordinarily unjointed, but that the branches may be jointed 
4C oberhalb der Gabeliing/’ The zoweium and the opesia resemble the corre- 
sponding parts of JS'otopIifes Aongatu* t (Busk) ; and it seems possible that the 
species should be referred to the same genus. 

4. Tricellakia, Fleming. 

Tricellaria , Fleming, 1828, p. 540. 

Cellaring Van Beuedeu (pars), 1848, p. 70 (nec Cellarim, D’OrLignv, 1851, p. 181). 

Ternkellarfa, IVOrbigny, 185J, pp. 40, 47. 

Ifugulapm*, Verrill, 1880, p. 190, 

VellniaiHa (pars) nml Menipea (pan), auett. 

Zonriura jointed, the branches biserial. Internodes commonly constituted 
by three zooecia, at least in the main stems. Zooecia more elongated than in 
Emma, the opesia occupying a small proportion of the front and without a 
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large development of cryptocyst proximally. Bifurcation of types 9-12 
(figs. 9-12), the joints traversing the proximal ends of the zooBcia OG and 
DF ; one or other of the joints occasionally suppressed. F and G usually 
separated on the basal side of E, sometimes by its whole width, their 
proximal segments shorter than the corresponding parts of C and D. The 
proximal ends of F and G may be suppressed, in which case the internode 
consists of a single zoocoium at its proximal end, and the joint consists of a 
single chitinous tube. Rootlet given ofE on the proximal side of the joint. 
Scutum, marginal and frontal avicularia present or wanting. Basal avicu- 
laria and vibracula wanting, but probably represented by the rootlet |>ore> 
chamber. 

Among the species which I include in TrieeUaria are the following 

A. Internodes biserial at the proximal end. Joints composed of two 
chitinous tubes (figs. 9-11). 

1 . Trioellaria ternata (Ell. # Sol.). (Fig. 9.) 

CelUiria ternata, Ellis & Solander, 1786, p. 30. Aberdron. 

Menipea ternata, Hincks, 1880, p. 38, pi. 0. figs. 1-4. British coasts. 

This common species has often been described. I may draw attention to 
the possibility, mentioned on p. 324, that the structure from which a rootlet 
may arise in this species may represent a basal hcterozouecium — a structure 
otherwise absent in the genus. 

la. Trioellaria tkbnata (Ell. <$• Sol.), var. gracilis, Smitt. 

Cellular ia ternata, forma gracilis, Smitt, 1808, Ofv. K. Vet-Akad. Fork xxir. (1867), 
pp. 282, 305, pi. 16. figs. 10-16. Spitsbergen to Britain and Belgium. 

Menipea graeilis, Busk, 1878, in Nares, Narr. Voy. Polar Sea ‘Alert’ and * Diacoverv,' 
ed. by H. W. Feilden, ii. p. 284. 

It may be obsorved that gracilis as the trivial name of this form is ante- 
dated by Cettarina gracilis, Van Beneden, 1848 (see Sect. II.). 

2. Trioellaria oocidentalis ('Trask), 1873*. (Fig. 10.) 

Menipea oocidentalis, Trask, 1873, Proc. Calif. Acad. Nat. Sci. i. (1854-1857) •> ed 
p. 113, pi. 4. fig. 4. 

» .. Bobertson, 1905, Univ. Calif. Publ., Zool. ii. p. 254, pi. 6. figs. 

22-25. California. 

„ compacta, Hincks, 1882, A. M. N. H. (5) x. p. 461. Queen Charlotte Is. 

3. Trioellaria pribilofi ( Robertson ). 

Menipea pribilofi, Robertson, 1005, t. eU, p. 267, pi. 7. figs. 32, 33; pi. 8. fig. 84. 
Alaska, islands of Bering Sea. 

• The Proceedings of the California Academy for 1854-1857 were originalii^printed in a 
newspaper, “The Pacific,” but were republished, verbatim, in 1873. Ur. Trask’s naner was 
read at the meeting, Mar. SO, 1857. 
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4. Tbicellaria sympodia ( Yanagi $ Okada). 

Menipea sympodia, Yanagi & Okada, 1918, Aim. Zool. Japon. ix. p. 410, pL 6. fig. 1, 
text-fig. 2. Japan, 250 fathoms. 

As indicated by its name, this species is an instance of the sympodial 
mode of growth, due to the suppression of one of the joints at the bifurcation. 
The remarkably elongated, cylindrical frontal avicularia resemble those of 
Menipea crispa and of ? Xotoplites normani. 

5. Tricellaiua peachii (Busk). (Fig. 11.) 

Cellularia peachii, Husk, ]85i, A.M.N. II. (2) vii. p. 82, pi. 8. figs. 1-4. British 
coasts ; Busk, 1852 a , p. 20, pi. 27. figs. 3-5. 

This common species has been frequently described. It appears to repre- 
sent the extreme amount of loss of structures which typically occur in the 
genus, as shown by the disappearance of the frontal and marginal avicularia 
and of the scutum. It was made the genotype of Bugulopsis by Yerrill ; 
but its mode of bifurcation is that of Trieellaria y with which I think it 
should be placed. 

C. Tricellaiua monotrypa (Busk). 

Cellularia monotrypa, Biu*k, 1 852 1 , p. 308. Bass Straits. 

„ cuspid at a , Busk, 1852 a , p. 19, pi. 27. figs. I, 2; 1884, p. 17. 

In 1884 Busk remarked that it might be proper, conditionally, to revert to 
his original name, monotrypa . There seems no question that this should be 
done, as Busk was not justified by the Rules of Nomenclature in substituting 
a new name without adequate reason, which was not given in his second work 
published in 1852. 

B. Internodes uniserial at the proximal end. Joints composed of a single 
ehitinous tube (fig. 12). 

I regard this condition as secondary, and as due to the suppression of the 
proximal segments of the zooweia F and G. A similar suppression is found 
in Emma . 

7. Tricellabia aouleata ( D’Orb .). (Fig. 12.) 

BiceUaria aenkata, JYOrbigny, 1839*1846, Voy. A into. Mtoid. v, 4, p. 8, pi. 2. 
figs. 1*4 ( Tricelluria acukata on the plate). Falkland Is. 

Menipea aculeata, Busk, 1884, p. 20, pi. 4. figs. 2,2 a. Falkland Is., Patagonia, 
6-175 fathoms*. 

„ „ Marcus, 1921, Vid. Medd. Dansk naturh. Foren. lxxiii. p. 93. 

Campbell Id. 

e Busk's record of Stat. 303, 1825 fathoms, should probably have been Stat. 308, 
175 fathoms (see under Anwstigia benemmfia, p. 334). 
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Menipea fuegensis, Busk, 1862 5 *, p. 21. pi. 19. figs. 1-3. Tierra del Fuego, Falkland 
la. ; 1879, Phil. Trans, vol. 168, p, 194. Kerguelen. 

„ „ Jullien, 1888, Miss. Sei. Gap Horn, vi. p. 70, pi. 12. figs. 1, 2 ; 

pi. vii. figs. 8-10. Tierra del Fuego. 

Scmpoctllana fuegensis, W aters, 1 904, 1 Belgica 1 Brjozoa, p. 24. Straits of Magellan. 
„ bifurcata , Kluge, 1914, p. 614, text-fig. 3. Kerguelen. 

There is some uncertainty with regard to T. aculeata and its synonyms. 
In 1879 Busk expressed the opinion that. Menipea fuegensis (Busk, 1852) is 
a synonym of M. aculeata ; and 1 think this opinion is correct. The type- 
specimen (54.11.15.262) of M. fuegensis is from the Falkland Islands, and it 
is of rather coarser habit than those described and figured in the 4 Challenger 9 
Report ; while its scutum is linear instead of being branched. The scutum 
is known to be variable, within the limits of a single species, or even of the 
same colony, in other Scrupocellariidae ; and the differences in question do 
not seem to be sufificient for the establishment, of two species from material 
from substantially the same locality. The fertile internodes figured by 
Jullien as if. fuegensis and by Kluge as Scmpoeellaria bifurcata are very 
long, and Waters has expressed the opinion that Jullien’s specios should be 
considered distinct. I am inclined to regard them as different forms of a 
single species, as indicated in my synonymy. l) 9 0rbignv’s figures are 
probably not correct in all details, but some latitude must be allowed to 
observations made so long ago. All the specimens I have examined in the 
British Museum Collection, whether from the Falkland Islands. Patagonia, 
or Kerguelen, agree in the important character of having the internode 
composed of a single zooecium at its proximal end, associated with the 
existence of a single chitinous tube, instead of two tubes, in each joint. 

8. Tricellarja longispinosa ( Yanagi § Okada ). 

Menipea longispinosa, Yanagi & Okada, 1918, Ann. Zool. Jap. ix. p. 408, pi. 6. fig. 3, 
text-fig. 1. Japan, 312 fathoms and depth not stated. 

5. Emma, Gray. 

Emma, Gray, 1843, p. 293. 

„ Busk, 1852*, p. 27. 

Menipea (pars), auett. 

Internodes very short, typically composed of two or three zooecia. Bifur- 
cation of types 13, 14 (figs. 13, 14), the two branches given off symmetrically 
or asymmetrically. Opesia reduced by an extensive development of crypto- 
cyst, sloping considerably in a basal direction. Marginal avicularia on the 
proximal side of the opesia, or opposite its proximal end. Scutum usually 
present, sometimes wanting. Joints conspicuous, the internodes very narrow 
proxiiually. 

Gray gave no generic characters, ^hich were later described by Busk. 
Although the genus has been considered unnecessary by MacGillivray (1881 t 
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Prodr. Zool. Viet., Dec. vi. p. 32) and others, I think it may conveniently be 
retained for the following group of southern species. As pointed out by 
Busk, Emma is nearly related to Trkellaria . 

A. Internodes biserial at the proximal end. Joints composed of two 
chitinous tubes (fig. 14). 

1. Emma crvstallina, ft 'ray. 

Emma crystalling Gray, 1843, p. 21)3. New Zealand. 

„ „ Busk, 1852% pp. 28, 33, pi. 40. figs. 1 3. New Zealand, Bosb Straits. 

Mmipta crystalline . , MacGillivray, 1881, Prodr. Zool. Viet., Dec. vi. p. 31, pi. 58. 
figs. 2* 2 h. 

„ „ Waters, 1887, A. M. N. li. (5) xx. pp. 88, 205. New South 

Wales, etc. 

„ „ Levinsen, 1909, pp. 132, 133, pi. 2. fiirs. la. 1 b. 

2. Emma tricellata, hvsk. 

Emma tricellata , Husk, 1852% pp. 28. 33, pi. 41. figs. 1,2. Bass Straits, New Zealand. 
Menipea tricellata, MacGillivray, 1*81, t. cit . p. 34, pi. 58. figs, o --,J. 

3. Emma bpskii ( H//r. Thoms .) (fig. 14). , 

Mmipra huskii. Wyville Thomson, 1858, Nat. Hist. Bov. v. Proc. of Societies, p. 144, 
pi 12. fig. 1. Tasmania, New Zealand. 

„ „ MacGillivra) , 18*1, t. cit. pp. 35, 32, pi. 58. figs. (MIA 

,, bit ski. Levins'll, 1909, pp. 59, 13.-133, pi. 2. figs. 3a~3c. 

4. Emma ckiivicorms, Mar O ill . 

Emma cenncorms, MacGillivrnv, 1809, Trans. Proc. U. Soc. Viet. ix. p. 127. 
Victoria. 

Mcnijwa cerrieornis, MacGillivray, 1881, t. cit. pp. 34, 32, pi. 58. tips. 4 4 b. 

„ „ vnr., Waters, 1*87, A. M. N. 11. (5) xx. p. 88, pi. 4. fig. 1. 

New South Wales. 

„ „ Levinsen, 1909, pp. 59. 132. 133, pi. 2. figs. 4«, 4b. 

R. Internodes nniaerial at the proximal end. Joints composed of a single 
chitinous tube (fig. 13). 

5. Emma cyathls ( H)/». Thoms .) (fig, 13). 

Mtntpea cyathus, Wyville Thomson, 1858, t. cit. p. 143, pi. 15. figs. 10, 10«r. Bass 
Straits; Port Fairy (Victoria). 

n „ MacGillivray, 1881, t. cit. pp. 33, 32, pi. 58. tigs. 3-415. 

„ „ Levinsen, 1909, pp. 132, 133, pi. 2. figs. 2«, 25. 

6. SCRUVOCELLARIA, I an Bene den. 

Zoarium jointed, biserial, bifurcation of type 8 (fig. 8), the joints crossing 
the srooeoia OG and DF ; frequently traversing the opesia of the outer 
zoosoia, 0 ami D, but never those of F and G. Proximal segments of F and 
G in oontact on the basal side of E, shorter than the corresponding parts of 
LINN. JODRN.— ZOOLOGY, VOL. XXXV. 26 
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0 and 1). Rootlets not forming marginal bundles, some of them given off 
by basal heterozooecia. Each zomcium is typically provided with frontal and 
marginal avicularia and with a basal vibraculum, the last at its proximal end, 
the marginal avicularium at its distal end. Cavity of the vibraculum 
divided by a calcareous septum into n larger chamber containing the muscles, 
and a smaller chamber, from which a rootlet originates in the proximal 
members of the colony at least. Seta of the vibraculum without lateral 
branches. 

This genus is readily recognizable, and as but little confusion exists with 
regard to its limits, l do not think it necessary to discuss the species in detail. 
The relations of the joints to the outer zooecia at the bifurcations give useful 
assistance in characterizing species : a point which will be brought out more 
fnlly in my forthcoming Hiboga Report. In some eases, as in fig. 8, the 
joint traverses the opesia at its middle. In other cases it merely involves the 
proximal end of the opesia ; and in others it passes entirely on the proximal 
side of that opening. 

Kluge (1914) has described 17 species which he refers to Smtpoeillarla. 
One of these, 8. bertholletii, Aud. (p. dlfi) is from < Vipe Verde, and is rightly 
placed. The remainder are from Kerguelen (1 species) and Antarctic 
localities (15 species). All of those may more properly, in my opinion, be 
distributed among the genera A mastiff ia* Sotoplitrs, Menipra, and Tricvllaria , 
and I think it has still to be proved that the genus occurs within the limits 
of the Antarctic Circle. Srntpoeellana is a characteristic genus of Northern 
latitudes, it is well represented in the Siboga Collection from near the 
Equator, and it is well known jo occur in localities much further south, as for 
instance off the south coast of Australia. Its possible relation to Amasfit/iit 
is indicated on p. 337, under A . kirkpulricli. 

Although Sc?'it pore liana exhibits the tendency, shown in other members of 
its Family, to suppress important structures like the scutum and the frontal 
and marginal avicularia, all these structures are more commonly retained 
than in certain other genera. The basal vibracula are ver\ rarely wanting ; 
and in most cases they occur regularly on every zomeium. The occurrence 
of either one or two vibracula in the axil of the bifurcation is a iiseFul 
systematic character, as has been pointed out by Waters (J897, J. L. >S. xxvi, 
p. 7). Jjevin>en (1909, p. 134) has stated that the vibraculum of Scrttpo- 
cellaria is not divided into two chambers. 1 do not understand this assertion, 
which is at variance with my own results. 
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EXPLANATION OF THE PLATES. 

The drawings made with an A objective were reduced to and those with a 
C objective to J- their original size. 


I*LATK 16. 

Diagrams of bifurcation in Cello la vine genera (Text, Sect. IV.). The branches are all seen 
from the basal surface, and a uniform notation has been adopted for the zooecia, of which 
A is the more proxiinally situated zoojciuui which gives rise to two distal successors. The 
preparations from which the drawings were made were, in nearly all ea^es, Canada balsam 
mounts. 

Fig. 1. — Type 1. Didymozoum trisrruiU' (‘ Sibogn’). 

Pig. 2. — Type 2. Stir par iella ( umteacri bed species in the ‘Siboga’ Collection). 

Fig. 3. — Type 6. Buyula johmtow? (* Siboga') ; c.p. t connecting process. 

11 g. 4.— Type 4. Jlwpda seaphuidcs (* Siboga ’) ; „ „ „ 

Pig. 5. — Ty|Hi 6. hwjuta dentata r Siboga 1 ) : „ „ ,, 

Fig. 0. — Type 0. Euophzmtm cirratinn (‘Siboga’). The dotted liue*» indicate the joints, 
llg. 7. — Type 7. Kinetoskias < midescri bed, 4 Siboga 1 Collection). 

Pig. S. — Type h. ScruftoccUaria feme Siboga '). The join! traverses the opesia (dotted 
lines) of the outer zooeria. 

Pig. 9. — Type 9. Tricvllaria ternata (Norway). A rootlet occurs on the proximal segment 
of I). 

Mg. 10. — Type 10. TrMlaria Occident* lis vnr. dilatata (Japan) ; r., rootlet. 

Pig. 11.— Type 1 1. Tricellnritt pcachii (Durham coast). 

Fig. 12. — Type 12. Tricc/fana am leaf a (‘ Challenger/ Stat. 4 ‘ .103/’ hut probably Stat. 308 ; 
see text, p. 355). 

Pig. 15. — Type 13. Emma cyothm (Bass Straits). 

Fig, 14. — Type 14. Emma buskii ( Victoria ). 

Fig. 15. — Type 15. Eotoplites rostratas, n. sp. c Siboga’). A rootlet occurs on the distal 
segment of K. 


Plate 17. 

Figs. 10 20. Diagiams of bifurcation, continued. The specimens from which tigs. 21 and 

23-27 were drawn had been cleaned witli Fan de dawdle, involving the lass of the spines 

and chitinous parts. 

Fig. 16..— Type 10. Cornueopina (from a specimen in the 4 Siboga* Collection) ; r,p., rosette- 
plates. 

Pig. 17. — Type 17. Menipea crispa (Algo a Ray, 8. Africa). The joint traverses the opesia 
(dotted lines) of the inner zooecia. 

Fig. 18. — Type 18. Menipea triseriata (Simon’s Bay, S. Africa, B.M. 87.12.9,911). 

Pig. 19. — Type 19. Menif>ea spicata (Victoria). A system of branches, showing a sym podia] 
form of colony, associated with the suppression of one of the joints at each 
bifurcation (B.M. 97,5.1.460). 

Pig. 20. — Type 20. Amastiym kirkpatricki ( Lev. MSS,), n. sp. (Marion Id., B.M. 87.12.9.97). 

Pig. 21. — Amastiyta nudu (Victoria, B.M, 97.5,1.240). Mental view, Obj. A. 

2G* 
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Fig. 22 . — Menipea marionensis (Simon’s Bay, S. Africa, { Challenger,' B.M. 87.12.9.99; 

found with M. trieeriata). Basal view, showing 4 internal avicularia (i.av.) ; 
Lav., lateral avicularium. Obj. A. 

Fig. 23, —Menvpca vectifera, n. sp. (New Zealand, B.M. 99.6,1.630). Frontal view. Obj. A. 

Fig. 24 .— Amastigia nuda (Tierra del Fuego, B.M. 64.11.16.87, type-specimen). Diagram 
of basal surface; Lav., lateral avicularium; 1, 6, marginal zorecia ; 3, median 
zoreci’im; 2, 4, submedian zorecia. 

Fig. 25 .— Amastigia nuda (Victoria, B.M. 97.5.1.246). Basal view of a 6-serial branch, 
showing 4 basal avicularia and 2 ovicells on marginal zorecia. Obj. A. 

Fig. 2$.— Amastigia rudis (Victoria, B.M. 97.5.1.462). Frontal view, showing gigantic 
frontal avicularia on the marginal zorecia. Obj. A. 

Fig. 27 . — Amastigia rudis . Basal view of tbe same branch, a seta having been inserted 
from another specimen which was not cleaned with Eau de Javelle. Obj. A. 


Plate 18. 

All the drawings are from specimens which had been boiled with Eau de Javelle, after 

which treatment the longitudinal rows can be separated by gentle pressure of a needle on 

the basal surface. The drawings were made witli a C objective and reduced to one-third 

their original size. 

Fig. 28. — Menipea roborata (Australia, B.M, 60.5.2.2). Lateral view of two zorecia, with 
ovicells (or.) and frontal avicularia (/.«».); l.r.p., lateral rosette-plates; sp., base 
of spine ; Lap., internal calcareous spines. 

Fig. 29. — Menipea rohorala (same slide). Lateral view of two zotfcii without ovicelL ; 

f.av., frontal avicularium ; i.av., internal avicularium ; t.rp., terminal rosette- 
plate. 

Fig. 80. — Menipea roborata (same slide). Frontal view; cr the part of the cryptoeyst 
which overlies the internal avicularium (uao.) t of which the proximal end (p.) 
is seen partly through the* frontal wall and partly through the lateral wall of the 
zorecium : t.r.p., terminal rosette-plate. 

Fig. 81. — Menipea liguiata (Victoria, B.M. 97.5.1.454). lateral view, showing two ovicells, 
a frontal avicularium, and a strong calcareous process {c.p.) projecting vertically 
into the body-cavity at the proximal end of the opesia. 

Fig. 32. — Menipea spicata (Victoria, B.M. 83.10,16.46). Lateral view of two zorecia without 
ovicells ; f.av., frontal avicularium ; i.av., internal avicularium. 

Fig. 33. — Menipea ligufata (Victoria, B.M. 97.5.1.464). Frontal view of a zorecium with 
an ovicell and an internal avicularium (i.av.). 

Fig. 34.— Menipea spicata (same slide as fig. 32).— Lateral view of two zoceoin, each with 
ail o viced produced into a conspicuous spike. 

Fig. 35. — Menipea spicata (same slide). Basal view ; two of the zorecia with internal 
avicularia (i.av .) ; r., origin of marginal rootlot. 

Fig. 86. — Mmipta vectifera, n. sp. (New Zealand, B.M, 99.5.1.630). Basal view of two 
zorecia, one with an internal avicularium (i.av.). 

Fig. 37. — Menipea vectifera, n. sp, (same slide). Basal view of two zorecia, showing the 
characteristic calcareous bars (e.6.) projecting into tbe body-cavity from the 
proximal cryptocyst. 

Fig. 88. — Menipea vectifera, n. sp. (same slide). Basal view, showing the large basal 
avicularium (b.av.) at the bifurcation ; l.ar., lateral avicularium. 

Fig. 39 .—Menipea vectifera, n. sp. (same slide). Lateral view of two zorecia, show ing an 
ovicell, two frontal avicularia, and the characteristic internal calcareous bars... 
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Plate 19. 

The originals of Figs. 40-42, 51 and 52 were treated with Eau de Javelle. 

Seale of figures as in PI. 18. 

Fig. 40. — Menipea triseriala (Simons Hay, S. Africa, ‘Challenger/ B.M. 87.12.9.99;. 
Lateral view of two zowcia with ovicells and frontal avicularia. 

Fig. 41. — Menipea t.ri$eriata (same slide). Basal view, showing an internal avicularium 
(Lav.), a lateral avicularium (Lav.), and the origin of a marginal rootlet (r.). 

Fig. 42. — Menipea trmriuta. Frontal view of the same zocecin; f.ar, frontal avicularium; 

Lav*, internal avicularium ; Lav,, lateral avicularium, above which is seen the 
origin of a rootlet. 

Fig, 43. — Menipea marionensis (Simon’s Bay, * Challenger/ B.M. 87.12.9.99). Frontal view; 

cr., cryptocyst; f.av., normal frontal avicularium; i.av ., base of an internal 
Avicularium, showing the origin of its muscles from the frontal surface. 

Fig. 44. — Menipea marionend * (Cape of Good Hope, 'Challenger/ Stat. 142, B.M. 99.7.1.698). 
Basal view, showing two internal avicularia (i.av.), with their mandibles. 

Fig. 45. — Menipea vmrioncnm (same slide as fig. 43), An old zoo’cium, showing an 
excessive development of the internal calcareous spines; ct\, cryptocyst; 
p t , proximal end of the next distal zooecium, connected with the edge of the 
opesia (e.) by a calcareous film ; f.ar,, frontal avicularium ; Lav., lateral 
aviculftrium. 

Fig. 40 .— Amatfigia kirkpatricki (Lev.. MSS.), n. sp. (Marion Id., ‘Challenger/ B.M. 
87.12.9.97). Younp zooecium, with 5 oral spines. 

Fig. 47 .— Amaetigia kirkpatricki (same slide}. Basal view, showing vibraculn, the upper- 
most axillary. 

Fig. 48 . — Amaatigia kirkpatricki (same slide). Frontal view, showing a gigautic frontal 
avicularium and two ovicells. 

Fig. 49. — Amaetigia rudi* (Victoria, B.M. 97.5.1.4(52). Part of a zooecium, with scutum, in 
frontal view. 

Fig. 60.— Amadigia mula (Victoria, B.M. 97.5,1.246). A similar preparation, frontal view. 

Fig. 61. — Amaetigiu nuda (same slide as fig. 60). Lateral view of two zooecia, with 
frontal avicularia (paired). 

Fig. 62. — A mastiff in rudi e (same slide as fig. 49). A similar view of two zooecia with 
frontal avicularia. 
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Notes on Acari, with Descriptions of New Species. By J. N. Halbert. 

M.lt.I.A. (Communicated by Dr. VV. T. Calman, F.R.S., Sec.L.S.) 

(Plates 20-22.) 

[Head 1st Marche 1923.! 

With a few exceptions the Acari recorded in the following paper were 
collected in Ireland since the publication of the Clare Island Survey reports 
seven years ago. The list of Acari there recorded (23) was practically a 
complete one; in so far as the Irish terrestrial forms were then known. A few 
years later ail account was given of the species found living in the /ones of 
the sea-shore affected by the tides (24). At the present time, collections are 
being made with the intention of preparing a more complete list of our 
Acarid fauna, but much remains to be done in this respect. Meanwhile it 
is desirable to record a certain number of new and interesting forms as a 
contribution to our knowledge of the Acari in those islands. 

The litoraturo dealing with the Acari is very considerable : large numbers 
of species have been described by Kuropcau workers in recent years, and. as 
very many of these species are un figured, the difficulties of identification are 
greatly increased. In the present paper short descriptions only are given, 
ami such figures as seem necessary in a group where the details of structure 
are so varied and often of so comparative a character. In all. some sixty -eight 
species are recorded : sixteen of these, and also a few \arieties. belonging 
to the families (iamasida;, Oribatidae and Trombidiidas are apparently 
undescribed, including these new forms, about forty species are now 
rtjeordod for the first time from the Britannic area. The types of two of the 
nevr species, in Laslosein^ were collected by Mr. A. D. Michael on the coast 
of Torn wall some years ago. 

L am indebted to a few friends for assistance in the collecting of specimens, 
more particularly to my colleague, Mr. A. \V. Stelfox ; the discovery of some 
of the more interesting forms is due to him. I have also to thank 
Dr. A. Berlese for kind help in the identification of some of the species : 
others are recorded on my own responsibility. The type-specimens of all 
the new species are in the collection of the Irish National Museum. 

GaMASUS (EtJGAMASUS) CRASSITAItSlS, Sp. UOV. (PI. 20. figS. 1 <W.) 

Male . A large robust species measuring 1600 fi in length : general 
characters as in the subgenus Jyugamasut, to which the species belongs. 
Shoulders well marked ; hairs long, those on the second dorsal shield 
numerous and somewhat adpressed. Sternal region of ventral plate with 
faint scale-like markings on its anterior half, concave at the centre of the 
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front margin. Genital apertnre strongly obitinized, posterior extremities 
pointed, reaching to middle of second coxse. Epistome with a long central 
spine, and the ends of the lateral spines slope slightly inwards. Maxillary 
plate transverse, with four long hairs. Chelicerse (fig. 1 a) somewhat like 
those of G. oudemansi, Berl . ; fixed chela armed with two stout teeth, the 
extremities of which are truncated and minutely dentate, apex of segment 
bilobed; free chela with one strong tooth slightly reourved. 

First, third, and fourth legs long and slender ; third segment of lust pair 
with a sharply-pointed ventral spine. Second legs (fig. 1 b) very stout ; 
femoral calcar of moderate size, curved posteriorly, bluntly pointed ; cap of 
axillary process flattened and produced towards apex of calcar as in G . oude- 
mansi, Berl. ; on the outer side of tho femur there is a marked chitinous 
prominence (tig. 1 c) with a terminal hair ; genual process well developed, 
cap concave j process of fifth segment not prominent, its extremity does not 
project beyond the ventral outline of the segment. Tarsi strongly swollen 
at the base and again at the apex; a stout conical tooth stands near the 
middle of the inner surface. 

This fine species is evidently allied to Gamatus maynus, Kramer, and to 
G. oudemansi , Berl. It is however larger, and differs from both in the 
presence of a chitinous projection on the outer side of the second femora ; 
the tarsi and chelicerse are also different. It also resembles the species 
redescribed as “ Fuyamasus loricatus, Wankel w by Oudemans (38, p. 114), 
especially in the form of the tarsi, but differs from this species in the 
armature of the second legs and in other particulars. 

Locality. Two males found under a sunken stone at high-tide mark in 
company with the local C/ieli/er dubius (Cumb.) at Mount Garrett Wood, near 
New Ross, Co. Wexford, by Mr. R. J. Phillips, 12th March, 1922. 

GAMA8EU.ua (PftOTOLiELAFs) GBANULATU8, sp. nov. (PI. 30. figs. 2 a, b.) 

A very distinct, species belonging to the subgenus Protolwlaps , Berlese 
(13, p. 137). It is remarkable for the comparatively large size of the ventral 
plates, more especially of those enclosing the peritreme. Verified by 
Dr. Berlese. 

Female. Colour yellowish brown, shape pyriform. Cuticle very distinctly 
punctate-striate. The two dorsal plates are ol equal breadth, leaving a 
rather wide uncovered lateral margin ; the second plate is undulate in front 
and almost reaches end margin of body. These plates are minutely punc- 
tured, and there are faint traces of reticulate markings. Hair armature ahort 
and stoat. Jugular plates absent. Sternum with a bow-shaped front 
margin, rather long, reaching middle of third coxse ; end margin truncate. 
Metaeternal plates with a stout hair on cater margins. Genital {date sub- 
quadrate (length 75/a), anterior half lying between last paly, of coxss. 
Venire-anal plate large, twice as broad as long(length 100#*, breadth 200/a)j 
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front margin flattened, end bluntly pointed and reaching margin of body. 
All of these ventral plates are minutely punctured. Peritreme strongly 
sinuate, lying close to the legs on the inner margin of a large plate which 
projects in a broad tongue-shaped process beyond, but does not enclose, tlie 
last pair of legs. Rod-like endopodiul plates lie between the third and 
fourth coxte. 

Epistome with a long central spine fringed with minute hairs. Maxillary 
plate quadrate ; the small curved lobes are placed on a raised central part 
which projects beyond the front margin of the plate. Chelicerse very minute. 
Palps normal. Legs robust, of moderate length, clothed with short hairs ; 
ambulacra on all pairs. Length 363 ^ breadth 275 /a. 

Locality. Apparently a rare species ; found on two occasions, in January 
and November, under stones in tbc Tolka Valley, near Dublin. 

Gamasellus (Protolaclafs) mucronatus (G. et 1 < . Can,). 

1881. Gamasns mucronatus , G. et R. Caneatrini, 19, p. 1081.— 1882. G. et R. Gan., 20, 
p. 52. — 1885. G. Can., 18. p. 78. — 1887. CyrtoUelaps mucronatm , Berlese, 1, Fuse. xliv. 
n. 5. — 1921. Berlese, 15, p. 81. 

This species may be recognized by its large size, measuring 1200 g. in 
length, and the large strongly-chitinized dorsal plates. Til addition to a 
number of minute hairs, both plates carry two pairs of strong spines feathered 
at their extremities ; one pair at the end of the second plate project well 
beyond the posterior margin of the body. The peritreme lies close to the 
coxfle on the inner margin of a large peritreiuatic plate. The ventro-anal 
plate is large, V-shaped, emarginate in front, its extremities lying close to 
the genital plate and the posterior margin of the body. 

Locality . Females found in rotting potatoes at Drumcondra. near Dublin, 
in April. The identification has been verified by Dr. Berlese, who refers 
(in lit.) the species to his subgenus Protolcrlaps. The male has not been 
described. 

GAMASELLUS (pROTOLiELAPS) BUBNUDUfi lierL (PL 20. fig. 3.) 

1918. Berlese. 13, p. 138. 

The following is a brief description of a Gama$ellus , as well as of its 
larva and nymph, which probably belongs to the present species, although 
the identification is given with some reserve. 

Adult female pear-shaped. Epistome with a long sinuate spine, minutely 
spiculate at the base. Dorsal shields of moderate size and uniform breadth, 
distinctly punctate, the punctures lying in transverse rows; margin of 
second shield broken up into small folds, and there is a wedge-shaped fissure 
in the middle of the front margin ; hairs sparse and weak. Epidermis 
strongly granulate. Sternum of moderate size (length 132 /a), hinder 
corners slightly rounded. Endopodial plates very strongly developed and 
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produced in sharply-pointed processes between the coxae. Peritreme undu- 
late, and protected by a narrow plate which reaches to the end of the fourth 
coxa 1 . Ventro-anal shield very small, rotund, broader than long (breadth 
165 g), placed on the posterior margin of the body. Legs of moderate 
length, second pair slightly more robust than the two hinder pairs. Length 
742 /a, breadth at shoulders 430 g, and in posterior third of body 512 p. 

Larva . Shape much as in adult ; dose to the end it slopes rapidly to a 
truncated central part of the posterior margin, at each corner ot which 
is a curved hair; immediately behind those on each side are stouter hairs* 
with slightly clubbed and spicnlatc extremities ; the dorsal hairs are vwuk. 
Dorsal shields undeveloped, and the epidermis at end of body is distinctly 
areolated. Legs and palps vety stout, carrying numerous abort lmirs; ambu- 
lacra consisting of a single pair of rather narrow leaf-like upper lobes, and 
two long, lanceolate, lower processes. Length 340 /x, breadth 108 /a. (PL 20. 
fig. 3.) 

Nymph. Side margins more parallel than in the adult ; end margin 
truncated, with a small central part projecting below. Dorsal plates large, 
granular. Side margins of body with short hairs. Epistomc. palps, and 
legs much as in the adult. Length 570 /la, breadth 320 p. 

Locality . Adult female, larva, and nymph found in decaying turnips. 
North Dublin, in April 1921. 

Mackocheles vagabond us ( fieri .). 

1889. Hoiostanpi * vuynbundm, Jiorlest*, 1, IVc. Jii, a. 8. — 1902. Oud^nuin**. 37, pp. 1 J, 
4;j. — 1»J8. IJerlese, 13, p. 172. 

Berleso places this species ill the subgcmi* Macrw'lwle* a/w/o, 13) 

of which tho type is Acams marginatus , Hermann. In the sumo papci lie 
records varieties of AL vagabundus from South America, South Africa, and 
Australia, so that the species is of unusually wide range. It may be known 
by the beautiful sculpturing of the dorsum, which, as well as being distinctly 
punctured, is ornamented with reticulations and branched chiiiuotis markings 
on the epidermis. The strong, curved hairs on the margin of the dorsal plate 
bear numerous very short secondary hairs. 

Locality . The only specimens ( ? ¥ , length 930 p) found in li eland were 
under moist pieces of wood lying on the sea-bank at Mala hide, Oo. Dublin, 
in September. 

Dendr< >ljela pr corn utuh ( Kramer ) . 

1886. Seim cornutw , Kramer, 31, p. 257.— IkudroUelap* bicorntB, Hull, 23, p. 67. 

This species is well described and figured by Kramer (31),. and is easily 
recognized by the presence of two long chitinous horns near the end of the 
dorsum in the male. In the female (length about 495 p) the l>ody is rather 
long und narrow. The sternum fills the entire space between the very large 
second coxae, and is gradually widened to its hinder corners.* The genital 
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and ventro-anal shields are remarkably long and narrow, of almost equal 
breadth, and the latter reaches to within a short distance of the end margin 
of the body. 

Locality . Both sexes occurred under the moist bark of cut pine-logs lying 
on the Royal Canal bank, dose to Dublin, in October 1918. The logs had 
been brought from an inland locality. 

Myonyssus deoumanub, Tirabosche . 

A few adult females were found on a Field Mouse (Mus sylvestris) caught in 
the Rocky Valley, Co. Wicklow, by Dr. JR. F. Scharff. On the same host 
were adults of Lalaps stabulasis , G. L. Koch, and L. ayilis , C. L. Koch. It 
has been found on the common Brown Rat in England (Hull, 25), and 
Waterston records its occurrence on the House Mouse in the Shetland Islands. 

Antennophorus uhlmanni, Haller . 

A single specimen was found in a nest of the ant, Lasius mialus , Nyl., near 
Graiguonamanagh, in Co. Kilkenny, by Mr. A. W. Stelfox. Thih is the only 
Antennophorus hitherto found in Ireland ; all the described species, four 
in number, have been recorded from England. 

LAHLAPS ( IpHIS) ACl'LEIFKR, ( « an . 

1983. Laiaps aculeifer, Cauestrini, 17, p. 0. — 1885. Hypoaspis aculeifer. Canestrini, 18, 
p. 84.— 1892. Laiaps acultifer , Berlese, 1, Faac. Jxviii. a. 10. 

Evidently a fairly common species. 1 have found the female in numbers 
under bark of decayed trees at Tallaglit in Apr il and Greystones in July, 
under pieces of damp wood in the Tolka V alley in January, and in decayed 
potatoes at Drurncondra in April. All these localities are in the vicinity of 
Dublin. 

LiELAPS LATISTEHNUS, Bp. nov. (PI. 20. fig. 4.) 

Female. Shape broadly ovate, shoulders not prominent. Dorsal plate very 
large, surface with scale-like markings ; hairs short, becoming longer towards 
end margin, where there are two comparatively long hairs. Sternum very 
wide and strongly produced between the coxa; at its anterior and posterior 
corners, end margins slightly undulate, hairs rather long. The genital plate 
is also rather large (length about 165 /a), marked with lines as in figure. 
Peritreme comparatively straight, not fused with the pedal plates ; the latter 
are well developed and enclose the fourth coxa* ; small obliquely-placed 
inguinal plates lie close to them. Ventro-anal plate small (length 220/*, 
breadth 176 /*), subovate, flattened at end and reaching margin of body. 

Epistome in the form of a long, sword-shaped, central spine and two strong 
lateral teeth. Maxillary plate rather narrow (77 pi). Palps normal. Legs 
long and robust, first pair of very uniform thickness (length about 506 /*) ; 
the fourth pair (length 550 /i) have slightly curved femora, and the tarsi are 
elongate ; there are traces of a division of the terminal part of the tarsus close 
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to the middle. Hair armature short, that of first pair stronger than the 
others. Ambulacra normal. Length 530 /t. 

Locality. Found under stones in the Lucan Demesne, Co. Dublin, February. 

Laslaps simplex, sp. nov. (1*1. 20. tig. 5.) 

Female. Long oval, shoulders not well marked. Dorsal plate straight- 
sided, reaching end of body, with three double rows of weak hairs, two on the 
posterior margin much longer. Epidei mL distinctly striated. Sternum of 
rather uniform breadth, reaching to middle of third coxa? ; front margin 
undulate, with slight lateral extensions ; postei ior corners pointed ; end margin 
with a small notch at the middle; the three pairs of hairs are placed close to 
the margin of the shield. Genital plate exceptionally long (length 110/t) 
and narrow, being more than twice ns long as broad, reaelnng well !>eyond 
the last pair of coxa?, only slightly widened at the extremity, which is some- 
what rounded. Ventro-anal plate small (length 90 ft, breadth 95/<), widely 
removed from genital plate and placed on the end margin of the body, e\ enly 
rounded in front and truncated behind. A pair of small inguinal plates He 
near the side margins. The inner pedal plates lie between the last pair ol 
00X80, which are partly enclosed by a chitinous extension of the peritreme. 
Chelicera small, though of robust structure. Legs and palps -tout arid or 
moderate length; inner side of second palp segment with one, and third 
segment with two stout spines. length 450 /*, breadth 200/*. 

Locality. Taken under rotten wood at Glendalough, Go. Wicklow, in 
September. 

IiASLAPb FIMBRTATt 8, up. nov. .(1*1. 20. fig. 6.) 

Female. Long oval. Dorsal plate rather narrow ; hairs long, increasing n 
little in length at end of plate. Stcrnnni rather short ; front margin bow- 
shaped, extending between the coxa? ; sides deeply euiarginate. Metasternal 
hairs present, but the plates are indistinct. Genital plate large (length about 
150/* along middle line), elongate, constricted at the middle; front margin 
produced aud elaborately fimbriate, hind margin straight ; anterior part of 
plate marked with longitudinal lines. Ventro-aual plate large (length 175/*, 
breadth 150/*), hatchet-shaped, the bluntly-pointed end directed towards the 
posterior margin of body; surface with transverse lines; front margin much 
wider than genital plate. The outline of the plate of an earlier ny mphal form 
is indicated in the drawing. Peritreme with a slight regular curve; there is 
no protecting plate, and a weakly-chitinized post-stigmatic process encloses the 
last pair of cox». Maxillary plate quadrate, corniouli narrow and placed 
dose together. Legs long and slender (length of first pair 450/*, of fourth 
pair 550/*). Ambulacra rather long and narrow, but otherwise of normal 
Structure. Length 528 /*, breadth 820 /*. 

Locality. Found on sprouting potatoes at North Dublin in Maroh of the 
present year. 
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Copftipms (Alliphis) halleri ((?. et R. Can.). 

1881. Gamamts halleri, 6. et R. Canestrini, 19, p. 1077.— 1882. Leelape halleri, G. Can- 
estrini, 20, p. 57. — 1885- '99. I phis halleri, G. Canestrini, 18, p. 93. — 1892. I phis 
halleri, fierlese, 1, Faac. lxvii. n. 6. 

Localities. Males and females occurred commonly in decayed roots of 
Henbane at (Uontarf, near Dublin, in August 1918, and under bark of cut 
pine-logs on the Royal Canal bank in October 1918. Canestrini records 
it as occurring in decayed potatoes and amongst rotting leaves in 
December. 

Lasiosbips (Lasios.) gracilis, sp. nov. (PI. 20. figs. 7 a-c.) 

Female. Shape ovate, shoulders not marked. Dorsal plate large, almost 
completely covering body, surface with polygonal markings. Hairs long, 
formed of a strong rib and blade, curved and serrulate, those on end margin 
exceptionally so (length 65 p). Frontal bristles shorter and strongly pec- 
tinate. Sternum of moderate size, corners not produced between the cox® ; 
hinder margin straight, with rounded corners about on a level with end of 
second coxa*. Metasterna small. Genital shield broad posteriorly and rather 
strongly narrowed towards the front ; lying behind it are two thin chitinous 
bars and two pairs of hairs. Ventro-anal plate of medium size, u little 
broader than long (length 145 ft, breadth 150/*), flattened in front and 
regularly rounded behind. Anal aperture placed a little in advance of the 
centre of the plate. Inguinal plates linear, placed near side margins. 
Maxillary plate transverse, evenly rounded at base ; coruiculi with their 
apices trifid, directed inwards, and there is a strong hair at their bases. 
Chelicerti* small ; fixed limb swollen at the base, where there are four sharply- 
pointed teeth placed closo together : free chela with an oblique chitinous 
blade and traces of two or three teeth just hefore the apex. Pulps normal. 
Legs of moderate length, rather slender, furnished with short, curved hairs, 
some of which arc minutely spicnlate ; length of first log about 352 /x, 
of fourth leg 363 p, not including ambulacra. Length 474 p, breadth 
310 p. 

Dr. Oudemans has partially described (37, p. 1 7) the protonymph, douto- 
nymph, and adult of an Acarid which he calls Seiulus phmosue, though it 
seems doubtful if all of the forms aro referable to the same species. L. gracilis 
is allied to u Seiulus plumosu*,” but tho legs are obviously longer and more 
slender, and the hairs of the dorsum are much longer and not so strongly 
blade-shaped as they are in the Dutch species, which was found on a bat 
( FespertiUo dasycneme) and on a Squirrel ( Sciurus vulgaris). 

Locality. Found on sprouting potatoes at the Albert Model Farm, near 
Dublin, by Mr. J. G. Rbynehurt, early in March. 
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Lasioseics (Lasios.) ombtes, Oudem. (PI. 80. figs. 8 a-c.) 

A Lasioseiut found under the bark of trees in Ireland seems referable to 
this species. I have to thank Dr. Oademans for kindly lending me his type* 
specimen for comparison. 

Form as in L. muricatut, C. L. Koch (Borloso, 1, Fasc.xli. n. 6). Sternum 
with a wide and deep cleft in the posterior margin extending to about the 
middle of the plate ; the sides of the cleft are usually irregular in outline. 
Metapodial plates vestigial. Genital plate of the usual shape, punctured ; 
end margin rather strongly chitinized ; immediately behind it are four small 
linear plates arranged in a transverse row. Ventro-nnul plate very large, 
with distinct transverse markings ; side margins concave towards apex ; the 
end margin is somewhat truncated, and reaches the posterior margin of the 
body. The poritreme is normal, and its plate is continuous with the inner 
pedal plate, the extremity of which reaches the third coxso. Tritosternum with 
rather short processes ; its base lies in the central depression of the bow- 
shaped jugular bar. Fixed chela with a row of about ten small teeth, and 
there are three teeth on the free chela (fig. 8 <■). Legs, palps, and capitulum 
much as in L. miirieatu *, 0. L. Koch. Length 580 ft ; breadth .'110 p.. 

Localities. Females found under lairh of derated logs at Tnllaght, and in 
the Carton Demesne, Co. Kildare, in May. — (See note on p. 392.) 

Lasioskiits (Lasios.) laslaptoides ( Berl ). 

1887. Hpicrhu Maptoidrs, Berlese, 1, Fuse. xl. n. 10. — 191ft. Heilese, 10, p. JW. — 
1921. Berime, IB, p. 82. 

* 

Locality. Female found under damp wood lying on the ground in tile 
Tolka Valley, near Fingla«, Co. Dublin, in May. Not previously recorded 
from Britain. 

Lasiosbios (Episeios) glaijer, Berl., var. oortipes, nov. (PL 80 . fig. 9.) 

General structure as in tho type-form (Berlese, 1, Faso. xxx. n. 91; differs 
in the much shorter first pair of legs ; in hi« description of these, Berlese 
says : “antici exilioros, corpora fere duplo longiores,” and his accompanying 
figure shows the first legs much longer than the body. In the present variety 
the first legs are only slightly longer than the body, and the remaining pairs 
are somewhat stouter. The ambulacra are of the modified, bristle-like type. 
The genital plate is longer and the ventro-anal plate is broader, Trag&rdh has 
described a variety (minor, Triig., 46 , p. 432) found in the Sarakgebirge j from 
this the present variety may be known by the more strongly-produced meta- 
podia, and the form of the ventral plates is different. 

Female. Dorsum with scale-like markings, which ore distinct only towards 
the margins. Hair armature weak, stronger towards end margin, on which 
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are a number of very short spines. Sternum rather large (length 187 /a, 
breadth 185 /a). Jiigularin absent. Metasternal plates extremely small. 
Genital plate longer than broad, with a thick hinder margin. Metapodial 
plate much produced, and ending in a bluntly-pointed extremity reaching 
beyond the front margin of the ventro-anal plate. The latter is large and 
much broader than long (length 120 /a, breadth 154 /a), front margin trun- 
cated, posterior margin evenly rounded. Inguinal plates inconspicuous. 
Length 429 fi 9 hreadtli 252 /a. 

Locality . Two specimens found amongst wet moss collected on Lambav 
Island, Co. Dublin, in July. 

Lasiusehis (Efisku's) sphagxj, sp. now (PI. 20. fig. 10.) 

This species bears a superficial resemblance, especially in the form of the 
ventral plates, to L. hrlaptoules, Berl., but, apart from other diffemices, it 
may be easily known by the elongate tarsi and mollified ambulacra, which arc 
of the Kjdseius type, with long terminal bristles, while in L . It vlaptoide* 
these parts are of the ordinary Ij . muricatus type. 

Female, i'olour light brown, shape broadly ovate. Dorsal plate very 
large, surface not reticulate, but with indistinct areola tio ns on its anterior 
part. Hair armature weak, a row on side margins stronger, and there are 
three pairs of deflexed hairs on the end margins. Jugular plates absent. 
Sternum normal (length 110 /a). Metasternalia distinct. Genital plate 
broad, front margin indistinctly serrulate : lying behind this plate are four 
small linear plates. Ventro-anal plate large, broader than long (length 
about 200 /a, breadth 264 /a), front margin flattened. Sides produced in a 
rounded prominence in front, emargitmte towards apex, which is somewhat 
truncated and minutely punctured, (’anal of peritreme broad, with the 
usual post-stigma tic continuation, and protected bv a narrow outer plate. 
Metapodia strongly cliitinized, ending in bluntly-pointed extremities, much as 
in L . ttalicuiti Berl. Epistome tricuspid. Maxillary plate quadrate; corniculi 
small and slightly sinuate, and three pairs of long hairs stand near their bases. 
Palp** normal. Legs long and robust; length of first and fourth pairs about 
equal (5 fi); ambulacra with three terminal bristles and a pair of small 
membranous lobes. 

Locality . Two specimens found in sphagnum collected in the Black Valley, 
Howth, Co. Dublin, in October. 

Lasioseius (Episrius) italicuk, Berl. , L. (E.) michaeli, sp. nov., 
L. (E.) tenuipks, llalbt and L. (E.) major, sp. nov* 

From a study of the species belonging to the 4 * italicus 99 group of the sub- 
genus JSpiteiu Hull, which includes those species of Lasioseius in which the 
tarsi are elongate uud the ambulacra armed with bristles instead of the usual 
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lobes (Hull, 25 ; Halbert, 28, 24), I believe there are at least four closely- 
allied species in these countries. The malo and female of three of these are 
now known to me, and although the general structure is much alike, the 
males possess excellent characters in the form of the mandibular calcar. 
These three species are L. (E.) italicus, Berl., L. (&) mirhaeli , sp. nov., 
and L. {E.) major , sp. nov. The mule of L. (E.) tenuipes, Halbt,, has not 
been discovered, and until this is found I mast rely on the characters of the 
single specimen described (28. p. 78). The females in the case of two of the 
species, i.e. L, (E.) italicus and L. ( E .) mirhaeli, are difficult to separate ; 
indeed, the one description would suit l>oth species almost equally well. 
Unfortunately the males, as in many Acarid genera, are decidedly rare ; as 
an instance, I may mention that out of a gathering from one locality of about 
one hundred examples of “ italicus " aggregate three males were found, and 
this only by close searching of moss brought home from a suitable locality. 
The species frequent wet moss, liverworts, &c., and may be found amongst 
submerged mosses growing on stones in mountain-streams, in company with 
mites of the genera Caloni/x , Panisus, and Aturus. 

The female of L. (E.) italicus, Berl., is described in 4, p. 234, and is 
excellently figured by Dr. Berlese in u later paper (“ Rediu,” vi. pi. 1 9. fig. 35 ), 
while the male is briefly described in 10, p. 34. Jn view of the groat 
similarity of the females of these species, it will prohably lie sufficient to give 
a short description of L. (E.) italicus, and then briefly tabulate the chief 
characters of the four species. Figures of the male mandibular calcars of 
three species and of the female of L (E.) major, sp. nov., are given in the 
present paper. ' 

Ij. (E.) italicus, Berl. Female. Shape pyriform. Dorsal shield large, 
reaching end of body; sides often slightly rounded, surface reticulate. Hair 
armature weak on centre of dorsum, much stronger and somewhat ad pressed 
at the margins, where they are arranged in a double row. There is a raised 
tubercle near the posterior margin. Epistomeof the tricuspid Episeius type. 
Sternum rather large and wide ; both the front and hinder margins are 
slightly concave, and the latter reaohes to middle of tho third coxae. Genital 
plate hatchot-ebaped ; hinder margin straight, standing well beyond the 
fourth coxa). Vcntro-anal plate large, much broader than long (length 210 p, 
breadth 300 /*), flattened in front ; side margins concave near centre, surface 
with irregular lozenge-shaped markings. Between the last two plates are 
three pairs of very minute plates arranged in two rows. Peritreme broad 
and strongly sinuate. The united plates of the peritreme and metapodia 
extend beyond the last pair of coxse in an obtusely-pointed triangular form. 
Legs very long, with attenuated tarsi, and the ambulacra have bristle-like 
lateral lobes and a lanceolate upper lobe. Length altont 640 p, breadth 
4 20 ft. 
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I. A raised tubercle present near end of dorsum in both sexes.* 

A. The extremities of the uietapodial plates slope downwards in an oblique line 
towards the body margins. 

a. Male : Length 495 g, breadth 330 g. Calcar of mandible (PI. 20. tig. 1 1) long, 

consisting of a thickened rib and narrow blade, Hagelliforxn, curved strongly 
downwards under the maxillary plate, extremity sinuate. Female: Length 
640 g, breadth 420 g ; body usually broader and more rounded than in the 
following species. Length of first leg 7 1 6 g, of fourth leg 768 g. ( Localities : 
Streams at ( ilenculieu, Glencree, Kilmashogue, in the Dublin Mountains ; 
Reservoir at Greystoues, July. Lmubay Island, July, Ac.) 

Lasioseius (Episeius) italicus , Berl. 

b. Male : length 495 g, breadth 330 g. Calcar of mandible (fig. 12) long (length 

about 210 g, not including base of mandible), almost straight except at the 
apex, where it is deflexed. Length of first leg 470 g, length of fourth leg 
614 g. Female: Length of type 640 g, breadth 390 g; length of first leg 
692 g; length of fourth leg 768 g. (Locality: Mill Bay, Lands End, 
England ; taken by Mr. A. D. Michael in November 1892.) 

Lasioseius (Episeius) tniuhaeU , sp. nov. 


II. 


B. Extremities of metapodial plates truncated, lying in a straight line across the 
venter. Male unknown. Female described in 23 , p. 78. Length about 
740 g f breadth 480g. Length of first leg 742 g, of fourth leg 820 g, 
including ambulacra, (l/ocalitv : Mountain-stream near Glencree, May.) 

Lasioieius ( Episeius) tenuipcs , Halbt. 

No tubercle at end of dorsum. 

Male: Length 520 g, breadth 374 g. Calcar of mandible (fig. 136) short (length 
about 70 g, not including base of mandible), straight, or slightly curxed; apex 
deflexed. Female (fig. 13 a), length 740g, breadth 486 g. Body broadly pyri- 
for, posterior margin somewhat flattened. Voutro-anal plate large (length 
220 g, breadth 390 g), distinctly reticulate. Length of first leg 820 g, of fourth 
leg 890 g. (Localities : Streams at Kilmashogue (<?&£, December) and Glen- 
cullen <9 $, October), Mill Bay, land's End, England (tf & 9, November, 
coll. A. D. Michael).) Lasioieius ( Episeius ) mayor, sp. nov. 


Lasioseius (Platykeius) rubglabbr ( Oudem ,). (PI. 20 . fig. 14.) 

.1906. JLypoaspts mbylabra, Oudeinans, 36 , p. 88. 

A very distinct species, evidently referable to the subgenus Platyseius^ 
Berlese (10, p. 42). Oha rueter tstie Features are tlie broad pyriform shape and 
the very long hairs fringing the side margins of the dorsal shield. These 
hairs are arranged in an irregular double row and are incurved ; on the end 
margin are two shorter, straight hairs. Length 560-600 /*, breadth 430 p. 
Length of first leg 666 ft, of fourth leg 717 /*. 


* The male of X. (E,) tenuipes is unknown. • In a recent paper on Swiss Acari, 
Dr. Schweiter described and figured wliat he considers is the male of X tenuipes, Halbt. 
( 61 , p. 43). I was struck by the similarity of the male calcar there figured with that of 
Z. (2?.) mayor now described. Dr. Schweixer very kindly sent me some mounted specimens 
( 2 5 ) fhr examination (locality, QneUen am Kellersee, 4. iv. 1819) and they are undoubtedly 
referable to this species. The male calcar figured (PI. 21 fig. 18) agrees weJi with that of 
my type of Z. (JE.) wwpor. 

, LINN; JOUBJL — ZOOLOGY, VOL. tXXV 2 ? 
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The inale of this species has not been described. The general structure 
resembles the males of Episeins. Dorsum as in the female. Free chela 
(tig. 14) armed with a long process resembling that of L. (E.) italicus, Berl., 
but shorter and less curved, each chela with one strong tooth, in front of the 
tooth on the fixed chela is a row of very small teeth. Length of male 484 p, 
breadth 352 p. 

On account of the apparent difference in the length of the dorsal hairs in 
the Irish specimens when compared with the published figures (86, Taf. C. 
fig. 45), I sent drawings to Dr. Oudemans, who informs me that they un- 
doubtedly represent L. (/’.) subglaber. The dorsum of this species is 
frequently coated with fragments of debris which are entangled between the 
long inwardly-curved marginal lmirs, reminding one of what occurs in the 
Oribatid genus Dammu. 

Localities. In sphagnum pools at Lough Atorick, Co. Olare, June, and 
also at Lough Dan, August. Both sexes occurred amongst wet moss 
collected on the hank of a stream ut Glencullen in the Dublin Mountains, 
in October, and at Droghoda in August. 

Lasiosbius (L kiosk i us) minutus ( Halbt .). 

1915. Seiulut minutus , Halbert, 23, p. 76. — 1918. Zereonoptt* minutus, Hull. 25, p. 66. 

—1920, Lastosems minutus, Berlese, 14. p. 171. 

Hull has placed the present species in a new genns Zercompsis , of which 
the type is Kramer’s “ Gamasus vemiger.” Borlese, however, lmd already 
referred this species to his subgenus Zercoseins (10, p. 33 ) with S. spat hu - 
tiger, Leon., as the type. On re-examining the Irish specimens of L. minutus, 
it seems to n>e they fall icadilv into I)r. Berlese ’s subgenus Leinseius, briefly 
diagnosed by him as follows : — “ Ex gen. Lasioseius. I’edes bre\ es ct rohusti. 
Trnncus elongatus, lateralibus «ubparnllelus. Typus /,. L. tninusculns, Berl." 
An estuarine sjiecies (L. salinus, Hulki.) of this suhgenns occurs on the 
Dublin coast (84, p. 125). 

Localities. Amongst sphagnum collected on Oroagbmore Mountain, Olare 
Island, Oo. Mayo, and under rotten wood lying on the ground in tb© Carton 
Demesne, Oo. Kildare, May. The male is unknown. 

Seius tooatcs, (’. L. Koch, 

Until recently (1916) acarologists referred species of very different facies 
to Koch’s genus Heius. Many new genera and subgenera have now been 
established, by Dr. Berlese, so that a great advance lias beon made. As 
S, togatus is the first species of the genus described by Koch it remains as 
the type. It is also a very isolated form with but few congeners; three have 
been described from Europe (see Berlese, 11, p. 150). 

Locality. A single specimen found by Mr. Norman Stephans under the 
moist bark of a pine-stump at the entrance to The Devil’s Glen, Co. Wicklow, 
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in May. The species has been recorded from Scandinavia (Trag&rdh), 
Germany (Koch), Switzerland (Schweizer), and the North of England (Hull). 

Zeroon tragardhi, sp. nov. (PI. 21 . figs. 15 a, 5.) 

Female . Colour pale brown. Shape broad ovate. Side margins 
strongly serrated, and the end margin is crenulate much as in Z. trigonus , Berl. 
First dorsal shield sculptured with scale-like markings, second shield with 
areolations and four crescentic pore-like markings as in Z \ triangularis , Koch ; 
both shields have a double row of irregularly-shaped pits. The hair arma- 
ture is characteristic; on the side margins there are ten pairs, not including 
the frontal spines, of strongly plumose hairs (fig. 15 5). The dorsal surface 
also carries a number of spines which are less strongly plumose than those of 
the margins ; short spines spring from the marginal serrations. Sternum and 
genital plate of normal shape and rather weakly chitinized. Ventro-anal 
plate large, elliptical, though somewhat flattened on the front margin, with 
a few plain hairs. Legs robust and armed with plain spines, those on the 
middle segments of the first pair are somewhat stronger and are carried on 
distinct tubercles. Length 340 breadth 250 fi . 

This species is allied to Z ’. ornatus, Berl. (3) ; the body is relatively 
narrower, and the sides less strongly rounded, the margins are more dis- 
tinctly serrated and carry fewer plumose spines. The last-mentioned 
character also separates it from Z . radialm t, Berl. (7, j>. 9), in which the 
spines are more numerous. 

Locality . Female found at roots of decayed Henbane plants in August. 

ZbROON FERFOKATULl'S, Berl. 

1904. Berleae, 3, p. 269.— 1914. Berleae, 9, p. 186. 

Originally described as a variety of Z. triangularis , ( -. L. Koch, and later 
raised to specific rank. Easily distinguished by the marking of the dorsal 
shields. In Z. triangularis these i>ear scale-like markings, while in the 
present species the markings are largely replaced, more especially on the 
second shield, by distinct punctures, and the hair armature also is weaker. 

Localities . Glendalough, Co. Wicklow, fount! under chips of wood lying 
on the ground, April ; Knappagh Wood, Oo. Mayo, in moss, August, in 
company with Z . triangularis in both localities. 

Cbratozercon bicobnis {Can. et Fanzago). (PI. 21 . fig. 16.) 

1877. Seius bieomis , Canes trini et Fanxago, 21, p. 103.— 1881. Gamasus bieomis, 
Kramer, 29 , p. 14. — 1882. Lmlaps bieomis , G. et R. Canestrini, 20, p. 78. — 1885- 
Sgus bieomis , Canes trini, 18, p. 91.— 1887, Zercon bieomis, Berleae, 1, Faac. xli. n. 8. 
—1910. Berleae, 7, p. 848. 

This species has been described and figured as having only one plumose 
spine on tbe two chitinous horns of the posterior margin. Instead of this, in 

27* 
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the Irish specimen (length 342 ft, breadth 220 ft), there are two plain spines 
(fig. 16), the outer one being a little longer than the other. It is possible, 
however, that the specimen may be immature. Oanestrini remarks : “ le quali 
portano all’npice, nelle forme giovani, eiascuna due setolo, nolle piu avonzate 
di eta eiascuna nna setola robusta diretta in dietro e in dentro” (20). 

Locality. One female found under a stone on the Malahide sandhills in 
August. 

POLYABPINOfe OYUNDBICUS, Bert. (PI. 21. fig. 17.) 

1916. fieri eBe, U, p. 184.— 1917 Hellene, 16 , p. 10. 

This interesting genus was founded to receive the present species, and 
belongs to the tribe Pol vaspidini of BerleseV recent classification of the family 
Uropodidra (16). The species may be recognized by the elongate sub- 
parallel shape ; the central area of the dorsum i- protected by a long, narrow 
shield, smooth at the centre, roughened at the sides ; at tho end olf this are 
three small shields, of which the middle one is the least, arranged in a trans- 
verse row. The marginal shields are represented by a row of small hair- 
bearing plates, and on the actual bod,! margin are numeious similar plates. 
The venter is protected by strongly-chitini/ed and fused plate.- ; their inargii s 
are indicated by thickened ridges. l‘t ritreme placed on the side margin- of 
the body. Hairs simple and blade- -Imped. Legs robust, claw* of the fir.-t 
pair much reduced. Length about 670 ft, breadth 300 ft. The male is 
unknown. Identification verified by I)r. Her lose. 

Locality. Several female* found under log* of wood half buried iu lire 
mossy banks of the -tream between Glendalougb and Laragii, in April. 

Trachytes HYRiroRMib {Kramer). 

1876 Traehi/notu* pyriformu, Kramer, 28, p HO — 1877 t'am-Htmu et Fan/ago, 21, 
p. 68.— 1882. Kramer, 30, p. 420. - 1892. Trarhynotut ay rut a \ar. ftyi ifornwt, 
Berlese, 1 (Mesostijr. Supp. p. 94)— 1891 Milliard, 33, p. 313 I9IG Herleto, 9, 
p. 184. 

The above are the principal records undoubtedly referring to Kramer’s 
species, which was described in 1876. There lia- been contusion between 
this species and the form described as T. ayrota by Koch, and if the latter 
were clearly recognizable it would be the tjpe of the genus Trachyte*. 
There is doubt, howeter, concerning the identity of Koch’s T. mjrota, a 
g[>ecie& supposed to he the same was described and figured by Dr. Berlese (1, 
Faso, xxxviii. n. 10), but he has since suppressed this, stating that it may 
have been identical with either of hi- two recently described species, 
?. lambda or T. tubifer (9, p. 185). It would then follow that 7’. pyriformit, 
Kramer, is the type of the genus Trachyte*. Fortunately this species was 
carefully described and figured by Kramer (88). Mr. A. D. Micha el has 
recorded both T. wgrota, Koch, and T. pyriformit, Kramer, from JBSoglish 
localities, but he did not describe the first •mentioned form. 
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Locality . Several females were found under branches and pieces of wood 
lying on the river bank afc Glendalough in April. 

Trachytes pi, Bert var. paupkiuor, Jierl . 

1915. Berlese, 9, p. 155. 

Differs from the typical form (7) in its paler colour, smaller size, and in 
the form of the epigynuin which is more elongate and punctured. The 
length of the Irish specimen is 484 /a, breadth 2 86 jt. Evidently closely 
allied to 1\ minima, Triig. (44, p. 448), but in the present form the anterior 
part of the body is much more elongate and the shoulders are less marked. 

Locality . A single female found under decayed wood at Poulanass, 
Glendalough, in April. 

Uroseius acuminates, C. L . Koch. 

Locality . A few specimens were found in company with numbers of L'ropoda 
obscura, C. L. Koch, in decaying potatoes, Rocky Valley, (Jo. Wicklow, 
September 1921. The species has been recorded from Italy, Switzerland, 
Germany, and Great Britain. Hull queries the “ Cilliba vegetans ” of (25) 
as the present species, but the nymph recorded as such can have no rela- 
tionship with Uroseius . The .adult form of the “ Cilliba vegetans *' of authors 
has not been made known. H 

Dinychub (Prodinychus) CARixATrs, Berl . 

1905. Uerlese, 3, p. 247. 

This species is briefly described in the above reference, and it is not 
figured ; Dr. Berlese, who has kindly verified the identification, refers the 
species {in lit.) to his subgenus Prodinychus . The size is rather small for 
this genus (length of Irish specimens 622 /a, breadth 333 fi) ; shape of main 
body a regular oval, anterior part rather acutely pointed. In the middle 
line of the body there are two curinre, and between these and the slightly 
raised lateral margins the dorsum i§ concave. 

Locality . I have found this distinct species in two localities in Co. Dublin, 
once in decayed bulbs in Junuury, and under bark of old moss-grown tree 
trunks at Lucan in April. 

Phaclocyljliba virgata {Hull). 

1918. CUlibano virgata, Hull, 25, p. 44. 

The original description is as follows:— “Sub-circular, smooth, claret brown. 
Dorsal shield divided by a very shallow median furrow forked behind the 
middle and curved backwards on each side to the margin, leaving a transverse 
part behind which bears a pair of davo-pectinate setae. Two similar setae 
stand in a line with these on the lateral margin* Epigyne oval, rounded at 
both ends, apieulute in front. Ventral shield reticulate. 9 ’ 
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This species should certainly be referred to the genus Phavlocylliba, Berlese. 
Apart from other differences it may lie easily known from Cylliba by the 
absence of the marginal plates, a feature not referred to in the original 
description. The epigastric region of the venter is rather indistinctly defined 
and includes the anal foramen, so that the original figure (85, pi. 1. fig. 4) 
is inaccurate in this respect. The Tiish specimens measure 970 ** in length. 

Locality. A few specimens found at roots of decayed Henbane plants at 
Clontarf, Co. Dublin, in August. 

Trachyubopoda (Dinyccba) oordjeri, fieri. 

1916. Berlese, 21, p. 145. 

A species referred by Dr. Berlese to the suhgenus Dinyrura , of which it 
is apparently the type. A characteristic feature is the double row of smuli 
piligerous plates lying between the extremities oi the marginal shields at the 
end of the body, much as in the genus Jiitcoyoma except that thero is but one 
row in this genus. These small {dates vary greatly in number (It* to 22) in 
T. eordieri due to a few of them fusing with one another, or with the 
extremity of the marginal shields The ventral line is thickly chitinized 
and divides the epigastric region into two parts, which lie at different planes. 
The female resembles the male in general structure; the epigyno is large 
and of the usual arch-like form, its ventral surface is strongly punctured and 
is produced anteriorly in a long chitinous process which ends in two or three 
points. Length of female 568 **, breadth 357 **. Identification verified by 
Dr. Berlese. 

The nympha heteromorpha measures nearly 550 ** by 385 ** ; on the ventral 
side the area surrounding the acetabula is distinctly reticulate. The ventro- 
anal plate is of moderate size (length 70 **, breadth 165 **) ; it is supported 
by a thick transverse bar which also forms the metupodial line. 

Locality. The male, female, and nymph were not uncommon under damp 
wood lying on the Malahidn sandhills, Co. Dublin, in September. 

Tbaohyitropoda troguloides, Can. et Fanzayo, var. Celtic a, IJalbt. 
(PI. 21 . fig. 18.) 

1907. Ti'achyuropoia crltica, Halbert, 22, p. 67. 

Described as a new species in the above reference, but more accurately 
placed as a variety of the present species, a decision in which Dr. Berlese 
agrees (in Hi.). This variety differs from the typical form as described and 
figured by Italian acarologists(l, 5, 21) in its smaller size (length of female 
820 /a, breadth 486** ; length of male 742**, breadth 436**). The form 
is more parallel-sided, and the raised central part of the dorsum is of more 
uniform breadth throughout, while in the typical form its terminal part is 
much wider than the rest. The sculpturing of the ventral surface is also 
somewhat different (figured in 88). 
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Localities. Both sexes occurred in nests of the ant Lasius niger under 
stones at Tallaght, Co. Dublin, and it was also found in company with Lasius 
Jlavus on Lambay Island off the coast of Dublin. Mr. A. D. Michael found 
it with ants at Land’s End, Cornwall (33), and Mr. H. St. J. K. Donisthorpe 
records it from other English localities associated with Lasius niger and 
T. caspitum (Entomologist’s Record, 1909 and 1920). 

ClLLIBANO DINYCHOIDES, Hull. 

1918. Hull, 25, p. 4/>. 

A male CUlibano found in company with Phaulorylliha virgata (Hull) is 
probably to be referred to the present species. The Irish specimen agrees 
with the description except in the measurements (length about 717 /&). The 
length of the English specimen is given as 655 /x. 

The short description is as follows: — “ Sub-circular, smooth, shining reddish 
brown, uniformly convex. Leg grooves exceedingly faint. Male genital 
aperture between coxec iv. rather large (width 85 p). Femur ii. with a stout 
conical acute spine underneath. A clavtite seta on each side of the anus, 
projecting beyond the posterior margin.'* 

As is usual in this genus the marginal plates are entire, and in the present 
species they are separated from the dorsal plate by a very thin line running 
parallel to the margin in the posterior two-thirds of the body. The meta- 
podial line curves inwards from the body margins to a point a little behind 
the insertions of the last pair of legs, and it is widely interrupted in the 
middle line of the body. The female is unknown. 

Locality . One male found at roots of decayed Henbane at Clontarf, 
Co. Dublin, August. 

Labidostomma lutecm, Kramer. 

The species recorded in the Clare Island Survey Report (23) as L. cornuta , 
Can. et Fanzago, is in reality/,. luteum % Kramer. The former is a much larger 
species and differs also in certain derails of structure ; it has not been found 
in Ireland. 

L. luteum is probably not uncommon in suitable localities in this country ; 
in the Achill and Westport districts of Mayo it occurs under bark and 
amongst mosses growing on trees* In the Dublin and Wicklow district I 
have found it in pine woods* 

Phyllotegktjs palmioinctum (Michael). 

1883.. Leiosoma pahnicinctui* , Michael, 32, p. 280. —1898. Liaearm palmicinctum f 
Michael, 35, p. 42.— 1913. Berleae, 8, p. 92. 

Locality. Apparently a rare species in Ireland, two specimens were found 
under stones at Doo Lough, near Muckross, Co. Kerry, in May. It is 
recorded by Michael as occurring on the lichen Peltigera at Land's End, 
Cornwall ; so far as I call ascertain this Acarid has been found only in 
Britain. 
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OaRABODES AFF1NIS, B«rl. 

1913. Berleae, 8 , p. 73. 

Closely allied to C. marginatvs , Michael, hut may be known by the olavate 
abdominal hairs. Dr. Berlese assures me the Irish specimens are referable 
to this species, which he records as occurring under bark at Florence. The 
pseudostigmatie organ has a curved upturned Btem and a somewhat flattened 
club. The lamella* are broad, flat and granulate, and there appears to be a 
slightly raised ridge in the middle line of the cephalothomx. Interlamellar 
hairs stout and plumose at their extremities. The hairs of the dorsum os 
well as the marginal hairs are clavate, and their extremities are distinctly 
plumose. 

Locality. Common amongst moss and lichens on the Portion rnock 
sandhills, Co. Dublin, in January. The Carabodes reoordod as C. marginatus, 
Michael in (39) is the present species. 

Obibatula (Hemilbius) i-lantivaga, Perl. 

1393. Oribatu/a tibialis. Berlese, X, Fate. lxiv. n. 1. — 18! <6. Oribatula p iautiraga, Berleae, 
X, Fate, lxxvii u. 6 (reference in footnote). — 1910. Berlese, 12, p. 332 tlWeacribed). 

Localities. Found near Mulranny, Co. Mayo, in September, and at Lucan 
near Dublin in company with O. oblonga ami other species in February. 
Hull records it as occurring on rock lichens, Physcfo, on the coast at Whitley 
Bay. 

Daheoboma maculosa, IVarburton and Pearce. (PI. 21. fig. 20.) 

1906. Warbuiton and Pearce, 49, p. 607. 

A Dameosoma found under bark in the Tolka Valley near Dublin (January ) 
is apparently referable to this species. As it seemed not quite typical J sent 
drawings to Mr. Warburtou, who has kindly verified the identification. The 
species is remarkable for the long, pointed cepbulotborax, also the long 
lamellse and the spotted dorsum, though, as the describers remark, these spots 
are in the epiostraeum and are very easily rubbed off. This is so in the Irish 
specimen, in which they remain only near the margins. The pseudostigmatie 
organs are bent l wok wards, and carry on the anterior surface at least four 
distinct branches (PI. 21. fig. 19 A); anterior margin of altdotnen truncated. 
Length 418 /i. 

Dameosoma minus, Paoli, vur. lamellata, iiov. (PI. 21. figs. 19 a, b.) 

1906. Paoli, 39, p. 48. 

The form briefly described here must, 1 think, be identified ns a variety of 
the present Bpecies. It differs from the type in the larger sixe and in the 
presence of well-defined lamellse on the oephulot borax ; in 1). minus these are 
rudimeutary. 

Cepbalothorax rather long and with sharply pointed extremity ; lame llse 
present in the form of two strongly curvfcd ridges reaching from beyond the 
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middle to the pseudostigmata. The latter are circular and strongly chitinized. 
Sensory organs with a stout slightly curved stem and a large club-shaped 
extremity wldch is minutely spiculate. Abdomen elongate, pointed at both 
extremities, hairs very weak. Kpimera well defined. Legs normal, mono- 
dactyle. Length 240 /a, breadth 110 /a. 

Locality . Found under dead wood at Poulanass, (ilendalougli, ( Jo. Wicklow, 
in March. The typical form is widely distributed, occurring in Italy and 
near Washington, U.&.A. (40). 

CVMBiEHEMiBUS BfONlLIPKH (Michael). 

1888. N* itanpis monilipet , Michael, 32, p. 381. — 1898. Berlere, 1, Cryptustig. ii. p. 37. 

Locality, (ilendalough, (Jo. Wicklow, in decayed tree-trunks, March. 

Hekmanniella granulata ( Nicolet ). 

1865. Hennannia gmnulata , Nicolet, 35, p. 409. 

In his well-known work on French Oribatids, Nicolet described and figured 
two species of Uermannia , i. e., 11. granulata and 11. arrecta (which he believed 
were distinct), differing from each other in the form of the cephalothorax. 
As fur as I am aware the distinctness or otherwise of these species has not 
been settled. It seems likely, however, that Nicolet/s specimens, which were 
found in the same localities, represent but a single species, and that the 
supposed differences in the form of the cephalothorax may be more apparent 
than real. There is a tendency among neurologists to record 11. granulata 
in preference to H. arrecta , it is also the first mentioned of the two species 
in Nicolet’s monograph, so I thiuk it is better to refer the Irish specimens 
here until the question has been decided. 

Localities . Adults and nymphs were found in some numbers in a decayed 
birch log at Glend&lough in April, and it has also occurred in moss collected 
at Howtb, (Jo. Dublin, in June. 

Tarbonemus laticeps, sp, nov. (PI. 21. figs. 21 a-c.) 

A species allied to T. culmicolus , which is recorded by Keuter (41) as 
causing injury to meadow grasses in Finland. Differs in the form of the 
body, the broader capitulum, and in other details. 

Female. Form rather short and broad (length 195/4-210 /a, breadth 110 /a); 
in ovigerous females the body is more elongate, becoming long oval (length 
215 /a), the enclosed egg measuring about 115 /a. Side margins sub-parallel, 
front margin truncated and half covering the head, end margin rounded. 
Division between the cephalothorax and abdomen aud the one at the middle 
of the latter distinct, but the segments at end of the abdomen are ill-defined. 
Hair armature very short except for the usual long pair close to the sides of 
the cephalothorax, and a shorter pair at the angles of the front margin. The 
sensory organs (PI 21. fig* 21 a) arising from small circular stigmata, are large, 
they may be either globahuyor leal-like with pointed extremities, and both 
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forms may be present in the same individual. The capitulum is very large 
and wide in relation to the length (breadth about 40 /a), truncated in front 
and obtusely round at the end margiu. Epimera of the first pair of legs 
strongly defined. The first two pairs of legs are short and stout ; the long 
terminal hair of the end pair is strongly recurved. 

Male (PI. 21 . fig. 21 b). Form of the main body much as in female (length 
180 jjk-215 p, breadth 85 /t-100 /a). The capitulum is less transverse (breadth 
35 /a), and the hair armature is stronger, there are two paiis of long hairs on 
the ceplialothorax. Legs short and stout ; fourth pair (PI. 21 . fig. 21c) shaped 
much as in T. floricolu g, being without blades ; second segment straight 
inner margin slightly sinuate at the extremity ; tvio hairs aie present. 
Third segment armed with a long spine-like hair, and at the base is another 
shorter hair. As in T. breripeg the front margins of the third and fourth 
epimera are ill-defined. 

The male larva is as long as the adult (length 215 /i), due to the large size 
of the post-abdominal part. Epidermis distinctly striated. Legs stout am! 
ot very uniform size. The terminal }mrt of the abdomen is strongly 
constricted and is narrower (breadth about 50 p) than the main body, and 
there are two stout outwardly curved hairs «it the apex. 

The eggs of this species are large (length 125/i-135 /a, breadth 65 ft), they 
are of a regular long oval form and the surface is marked with numerous 
light-refracting punctures. 

Locality . Found in numbers in partly decayed Narcissus bulh« in County 
Dublin, January. The place of origin of the bulbs is uncertain. 

At least three other species of Tarsonemug have been found in 1 relaud. < >ne 
of these, noticed injuring oats at Killyardeu, Co. Donegal, in August lust, is 
possibly referable to T. g}rirife*r y Marchal, the female agreeing well with 
Korffs figure ot this species which is reproduced by Sorauer (Hand bach der 
Pflanzen-Krankheiien, iii. p. 102 ). The male of T. gpiriftjc has the fourth 
pair of legs peculiarly modified, and until this sex is found this identification 
must remain somewhat doubtful. 

The form of this iemule U a regular long oval (length 235 breadth llO/i). 
The capitulum is rather broad (breadth 85 /a), but ]es«* so than in T, l at ice pg . 
The sensory organs are very distinctly leaf-shaped with sharply pointed 
extremities. The first two pairs of legs are short and stout. 

This species was communicated by Dr. G. H. Pothybridge, who tells me it 
attacks oats in much the same way as 7\ culmicolua , Reuter, attacks meadow 
grasses in Finland. Beuter says the mites are fouud on the haulm, presum- 
ably aithin the leaf-sheath within the first node ; they suck out the juices so 
that the inflorescence wilts and dies. 

Females of 1\ floricolug were found on gooseberry plants at Lisburn* Oo. 
Antrim, in July. 

Golonel Samman tells me he finds Acarapis icoodi, Hirst, commonly in the 
tracheae of Irish honey-bees. 
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Bimichaelia crassipalpis, sp. nov. (PI. 21 . figs. 22 a , b.) 

Allied to B . setiyera , Berlese ( 4 , p. 13), but larger, the palps are stouter, 
the shoulders less prominent, and the structure of the skin, which is 
elaborately sculptured, is different. 

Colour white. Form sul)-pentagonal (PI. 21 . fig. 22 a), shoulders prominent 
but less so than in B . setiyera. Epidermis striated and marked with a distinct 
hexagonal pattern, the hexagons forming rosette groups round the body hairs, 
the latter are sparse and are branched at the base (fig. 22 6). Cephalothorax 
not well marked off from the abdomen ; a narrow area enclosed by chitinous 
rods lies in the middle line, and two long sensory hairs are placed at its 
proximal extremity; behind these hairs are two semicircular stigmata, lean 
find no trace, however, of the small, clubbed, sensory organs which arise from 
these in other species of the genus (in a second specimen from another 
locality they are also absent) ; it is likely, however, that such organs may be 
sometimes present in the species. Abdomen thrown into folds and constricted 
at the middle, apex somewhat truncate. Palps stout. Legs short and very 
robust, distinctly areolated, hairs similar to those of the body. Length 320 /a, 
breadth 240 /i. 

Localities . Found in sphagnum moss collected by Mr. A. W. Stelfox on the 
Garron Plateau, Co. Antrim, in July. It has also occurred in damp moss 
from Glencullen, Co. Dublin, in April of the present year. 

ALICUS KOSTBATUS, Trdg. 

Au Alicus found in two highlaud localities in Ireland agrees excellently 
with the present species, which is recorded from the Sarekgebirge (Swedish 
Lappland), except that the rostrum seems shorter than is described and 
figured (48). Drawings were sent to Dr. Trag&rdh, and be believes there is 
a difference in this respect. However, they agree in so many characters that 
it does not seem desirable to describe the Irish specimens under a new name. 

The colour during life is a reddish purple. Length 460 p, breadth 270 ft. 
Cephalothorax with a distinct rostrum, and well marked off from the abdo- 
men, central area defined by two subcutaueous chitinous ridges, the hinder 
part of which is areolated at the middle, and encloses the usual two pairs of 
long sensory hairs. Eyes small but distinct, placed on the front of lateral 
swellings. Abdomen with moderately marked shoulders and a sparse 
covering of short, spiculate hairs; during life the dorsum lies in distinct 
folds. Legs longer and more slender than is usual in this genus. 

Localities . Found in moss collected on the Comeragh Mountains, Co. 
Waterford, in July ; and in sphagnum from Glendhu, Co. Dublin, in 
October. 

SCTKUS inermis, Trdg . (PL 21 . figs. 23 a, b .) 

This species was described from specimens found on the surface of a small 
reservoir (Wassersammluhg) at Giseh, Cairo, in December 1900 (45). 
There can scarcely be any doubt that the specimens here recorded are the 
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same species. The palpi, which arc characteristic in tho species of this 
genus, are identical with those of S. taermit , Trag. Dr. Tragkrdh, to whom 
drawings were sent, agrees with me in this identification. The following is 
a brief description of the Irish form : — Colour red (length 490 ft). Body of 
the usual subrhomboidal form, shoulders prominent, the body margins 
gradually narrowing to the posterior margin where there are three small 
lobes. Epidermis minutely lined. .Maxillary plate longer than broad ; 
mandible long (length about 286 it), extremities reaching to near the end ol 
the second palp segrueut. Palps (PI. 21. fig 23 b) long and slender, apparently 
four-segmented, second and third segments armed at their ventral extremity 
with a strong spatulate hair. Legs long and of very uniform thickness so 
that the tarsi are truncated at the ends, where they are armed with two fiat 
lobes and small claws. Length of the first pair 510/t, of the fonrth f>30 ft. 

Locality, Found amongst dripping wet moss and liverworts ( ( onot ephalut 
content) at the overflow of a small reservoir at Ureystones, Co. Wicklow, 
July 1920, with sach species as Notasjm larustrU , Onbata htcaui, 
Eptteiut italicus, and others. 

Neophv LLOBll s MA\AiiUb, sp. nov. IM. 21. figs. 24 a, b.) 

Colour as in N. eh gam , Berl. Form oval, ceplmlothorax not w r ell marked 
off from abdomen. Eyes double lensed. There is a double row of six strong 
hairs, placed rather close together, down the middle of the both , and a row 
of eight similar hairs along each outer margin ; all of these hairs are spicu- 
late, rather strongly curved and arise from small tubercles. Epiuiera large, 
inner margins indistinct, with from two to three hairs which are much 
weaker than those ot the dot sum. Genital area tapering to a point and 
enclosing a small anal plate with four marginal hairs, ltostruiu triangular, 
ending in a single lobe. Palps very short and stout, second segment longer 
than the two end segments together, with two dorsal spines, one spiculate 
and stronger than the other ; third segment with one dorsal spine ; fourth 
segment euding in two cuived spines, and carrying an apjiendage which is 
contracted at tho apex and has three spines. 

Legs much as in JV. elegant , Berlese ; there is a long speculate hair on the 
third segment of each leg, that of the last pair bent at the end, length about 
264 ft (fig. 24 b). The legs measure about 396 ft, 330 ft, 363 ft, and 420 ft in 
length. 

A species allied to N. elegant, Berlese (1, Faso, xxxiv. n. 5), but differing 
in the size and form of the body. The median dorsal series of spines are 
more numerous and are placed closer together, and the long hairs on the third 
segment of the last pair of legs are shorter and of different form. Verified 
by Dr. Berlese. 

locality. Not uncommon on lichen-covered rocks at Bowtfa s umm it, 
Co. Dublin, September. 
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Bryobia humeralis, sp. nov. (PI. 21 . figs. 25 a-r.) 

A small species, length about 330 /u, breadth 270 fi. Colour red. Body 
strongly and suddenly narrowed at both extremities, shoulders very promi- 
nent. Frontal tubercles of eephalothorax comparatively short, carrying 
strongly-curved spatulate hairs (PL 21 . fig. 25 6). End margin of abdomen 
with five pairs of similar hairs, the three inner pairs being very conspicuous; 
there is also a double row of three or four hairs near the middle line of the 
body and a pair at the shoulders. Palps very short, appendage of fourth 
segment large and stout, terminal claw strongly curved. Legs shorter and 
stouter than in B. pratiosa and of more uniform breadth, the second seg- 
ment of the first pair being noticeably shorter ; the two end segments are 
of nearly equal length (PI. 21 . fig. 25 <•). 

Apart from the difference in the legs, this species may be known from 
B. pTfPtioia by the smaller size, the shorter frontal tubercles, the more 
strongly narrowed body, the more prominent shoulders, and the longer body 
hairs. 

Localities . Found at Clontnrf, near Dublin, in March 1907. The corre- 
spondent who sent me the specimens had his attention drawn to them by 
the patches of red colour on a garden wall caused by the presence of large 
numbers of this mite. North shore of Lough Neagh, in wet moss, August 
1922. Mr. Evans has found the species amongst moss collected near 
Edinburgh. 

Rhaphiunathus patkhts, BerL , var. trcncatcs, nov. (PI. 22 . figs. 26a-c.) 

A robust form evidently allied to R. patrius , Bed., and in all probability 
a variety of this species. Differs notably in the narrower body ; of the type 
Dr. Berlese remarks : fere aequo longium ac latum huincratum the end 
margin is very distinctly truncated, and the areolations of the epidermis are 
fewer ami larger. 

Length 420 /a, breadth 320 p* Colour blood-red, with a central dark area in 
front and four dark blotches on each side of the body, much as in Berlese’s 
drawing of B . clamtus (1, Fuse. xxii. n. 2). Cephaiothorax bluntly pointed 
in front, the sides slightly sinuate behind this, and they merge evenly with 
the shoulders of the abdomen ; the margins of the latter narrow gradually to 
the truncated end margin, at each angle of which there is a hair somewhat 
longer than the body hairs. There are nine pairs of hairs in all, including 
the frontal hairs, and the, latter are the only ones which have a trace of 
secondary hairs. Epidermis very coarsely punctured, and there are paired 
circular pits close to the shoulders ; the end of the dorsum is slightly 
depressed. On the ventral side the anal plate and the areas surrounding the 
epivnera are strongly areolnted, and on the hinder margins of the former are 
two spine-like hairs. Palps (PI. 22 . fig. 26 6) very stout ; second segment with 
a long, bent, hair, which may, apparently, be either simple or trifid at the 
extremity ; third segment with a similar dorsal hair ; length of palp about 
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95 fi. Legs very stout (length of first pair 264 p, of foarth pair 254 p), with 
strong dorsal hairs, which are spionlate at the base (PI. 22. fig. 26 e). 

Locality. A single specimen found amongst wet moss from the banks of a 
mountain-stream at Glencullen, (Jo. Dublin. Collected by A. W. Stelfox in 
October 1921. 

I have also found amongst moss in a mountain-stream at Kilmashogue, 
Co. Dublin, a Rhaphignathus the identity of which is uncertain. It is very 
closely allied to a form described by Triig&rdh as R. patriu s var. brevipalpis 
(48, p. 470). The Irish specimen differs in the smaller sise (length 368 /t, 
breadth 275/*) ; it is less rotund, the puncture less regular, and the palps are 
relatively larger. 

Rhaphignathus plchifbk, sp. nov. (PI. 22. figs. 27 a, b.) 

A very distinct species, which may be easily known from its congeners by 
the small size, the strongly plumose hairs, and the beautiful sculpturing of 
the epidermis. Verified by Dr. Berlese. 

Male. Length 210 p, breadth 120 p. Colour bright red. In shape 
resembling R. simian, being o\ute, though the end of the body is produced 
in a point. All of the body hairs are strongly plumose. The epidermis is 
marked with a very distinct polygonal pattern as well as being punctured 
(fig. 27 b). Oeplialothorax large in relation to the abdomen, carrying three 
pairs of hairs and a strongly-ciined pair of frontal hairs. Eyes small vet 
distinct, and placed on the side margins. The main abdomen is much higher 
than the apical part, and is truncated at the end, where there are two rather 
long (40 p) hairs, curved inwards at the extremities. In addition to these 
there are six pairs of hairs on the dorsum. Epimera well defined ; anal 
plate large, rounded on the front margin. Maxillary plate transverse; 
rostrum sharply pointed. The palps are very stout, second segment with 
two strongly-plnmose hairs. Legs short and robust, armod with both simple 
and plumose hairs like those of the body. 

Locality . A single specimen found under a stone amongst heather on 
Howth Head, (Jo. Dublin, in September. 

Rhaphignathus longxmlis, sp. nov. (PI. 22. fig. 38.) 

Colour blood-red with blackish markings. Form short and broad. Front 
margin obtusely pointed, end margin rather trunentod. Eye s small, placed 
near middle of side margins. Upper surface of cephalotfaorax and abdomen 
with a distinct, raised polygonal network. Abdomen well defined, shoulders 
rather prominent. Hair armature, including the frontal bristles, very long 
(about 125ft), curved towards their extremities, and there is no trace of 
secondary hairs. Epimera small. Maxillary plate transverse. Palps very 
short and robust, distinctly stouter than the legs. The latter are of moderate 
length, and rather slender for this genus. Length 290 p, breadth 380 p. 
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Lovalitie *. Found amongst damp moss at Glencullen in April, and in 
moss collected from pools in the •River Dodder, at Old Bawn, in May, by 
Mr. A. W. Stelfox. Both localities are in Co. Dublin. 

StIGMjEITS ANTHBODES, Be W M var. RETICULATUS, nov. (PI. 22. figs. 28 a, b.) 

A large, robust species. The Irish specimens are to be referred to a variety 
in which all of the body plates are sculptured with a very distinct, polygonal 
reticulation. Colour bright red. Cephalothorax protected by a large central 
shield and two small plates at the posterior corners. On the dorsum of the 
abdomen are ten shields, comprising three on the anterior part, then four 
smaller ones in a transverse row ; behind these are two similar plates, and a 
large unpaired shield lies at the end of the abdomen. The palps, legs, 
epimera, and ventral plates are all marked with a polygonal network. 
Length 550 /i, breadth 310 ft. 

Localities . Amongst hay brought into a cave at Doneraile, Co. Cork, 
in July. Under refuse on the sea-bank at Maluhide, in May. Amongst 
garden refuse at Kathgar, Dublin, in April. Mr. A. W. Stelfox found it 
abundantly in the last-mentioned locality. 

Caugonus scapulakis (Koch), Berlese . 

A shining red species of very convex form. The eyes are very large aud 
the body hairs are long and curved. 

Localities . In sphagnum, Lough Dan, in August, and in moss from pools 
by the River Dodder, near Taliaght, in May. 

Chkylktus vexustissimus, Koch . 

Locality. Found in numbers on a Hay Moth (1'aradrina) at Sandy mount 
in November by Mr. J. G. Rhynehart. Cheyletus eruditus , Scbr., has been 
found on pine-shoots in August. 

HYDBACABINA. 

Urammenia ci'assipalpis, SigThor. The genus JJrammenia was established 
by Thor in 1913 ( 44 ) with I), elongata as the type-species. In the same 
paper Thor partially described a second species, D. crassipalpis, but apparently 
the single specimen, found at Drammen in Norway, was lost before a 
description had been made ; such characters as are mentioned chiefly refer 
to points in which this species differs from />. elongata . As far as one can 
judge from these notes, the form briefly described below is in all probability 
the same as D. crassipalpis , Thor. Colour yellow with brown coecal markings. 
Length 474 p, breadth 374 p* Cuticle strongly chit ini zed, except for a 
marginal band separating the dorsal and ventral plates. Front margin 
truncated, sides gradually* increasing in width to beyond the middle of the 
body, posterior margin slightly flattened. Dorsal plate punctured, touching 
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the front margin of the body, separated from edge of ventral plate at the 
side and end margins by a rather broad band of soft, striated cuticle, which 
contains about fire pairs of pores. On the dorsal plate is a double row of 
similar pores, near each of which is a fine hair. Eves placed at each corner 
of the front margin on the dorsal outline of the body. Frontal bristles very 
short (PI. 82. fig. 29 a). Epimeral region much ns in 1). elonyata, except 
the onter border of tho fourth pair, instead of being absent, is indistinctly 
defined (PI. 22. fig. 29 b). The genital plate is shorter (length 132 p, 
breadth 100 p). Length of maxillary plate to tip of rostrum 120 /a. Palps 
very stout, the second segment broader than the legs (breadth in dorsal view 
49 p); on its inner ventral margin is a low, rounded prominence and a strong 
hair as in the typo-species. Inner distal angle of the fourth segment pro* 
duced in the form of a strong triangular tooth, and heside this is a smaller 
tooth, both bearins fine Imirs ; near the dorsal line of the palps are a few 
short spines (PI. 22. fig. 29 r). Legs of moderate length, stout, armed with 
short spines and without swimining-hairs ; the lengths are about 240 p, 
374 /i , 330 fi, and 410 p. 

Locality. A single specimen found amougst sphagnum moss collected on Ott 
Mountain, in the Mourne Mountains, in May by Mrs. 11. K. S-'harft’. 

Ljania bipapUlata, Sig Thor, has boon found in the lliver Dodder, near 
Dnhlin, in November ; in the River Dorgle, at Powerscourt, and in the stream 
flowing between the lakes at Glendulongb, Co. Wicklow, in April. The colour 
of living specimens is pale yellow with brownish markings. Mega/ni* yibheri- 
palpix , Piersig ( 40 ), occurs in streams on the Dublin Mountains at Kilkee and 
Kihnaahogue, and in the llivec Liffev. Also in the stream flowing from Lough 
Fighter, on ( 'arrant uohill Mountain, in Co. Kerry. Arr/unttrm ineulanut, 
Koenike : a single immature specimen of this species occurred in a small Clmra 
pool at Gollierstown, ( 'o. Dnhlin, in October. The male luts not l»een desorilied. 
The female is red in colonr, and is remarkable on account of tho large wing- 
shaped genital plates and the long and narrow epimera especially of the third 
and fourth pairs. The specie* is well figured by Dr. Koenike (38) ; the type 
was found on Norderuey. 1 believe this species has also Iwen found by 
Mr. 0. D. Soar in England. 

Apart from a few records of the common Uydryphuntes ruber , de Geer, 
nothing has been published on the species of /fydrypbantet occurring in 
Ireland. I have recently been making a preliminary examination of 
specimens of this interesting gonus from various Irish localities, and find there 
are at least six species found in this country, counting //. prolonged ut, Thon, 
of specific rank. A certain amount of variation occurs in the form of the 
eye-plates of Hydryphantee ; and as tho structure of the plates is of great use 
in the identification of tho species, a scries of figures are given in the present 
paper, in the bo]ie that they may be of interest for comparison with those of 
the same species in other countries. 
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The type-species of the genus, H. ruber, de Geer, is common and wide- 
spread in Ireland (PI. 22. fig. 30), as is also H. prolongatus , Tbon (PI. 22. 
fig. 31), which is sometimes recorded as a variety of the former ; in my 
experience it is rather the exception to find both of these occurring in the 
one locality. The first-mentioned has been found in ponds and lakes in 
Donegal, Antrim (L. Neagh), Monaghan, Galway, Wexford and Dublin, and 
the latter in Donegal, Dublin, Kildare, Galway and Kerry. II. prolongatus 
is perhaps of more frequent occurrence. The eye-plate and palps of a curious 
form, which must, I think, be regarded as an aberration of 1L prolongatus, 
are figured (PI. 22. figs. 32 a , b). The general structure is as in the species, 
but the eye-plate is smaller and narrower especially across the front margin 
(length along middle line 363 p, breadth 373 /a), and the median eye is 
placed much nearer the middle of the plate. Unfortunately, only one 
specimen was found in a small lake on Lough Salt Mountain, in Donegal. 
II. bayeri , Pisarovic (PI. 22. fig. 33), is apparently rare; I have found a 
single specimen in a drain by the River Shannon, at Portumna, in June. 
IL bayeri nonumlulata , Viets (PI. 22. fig. 34) was found in a pool at. the 
entrance to Glenshelane Valley, at Oappoquin, Co. Waterford, in June. It has 
also occurred under stones on the marshy edge of Bount Brown Lough, near 
Westport, in Co. Mayo. The water-level of the lough had fallen considerably 
at the time (July 1911). In the structure of the eye-plate this form bears a 
strong resemblance to H. planus, Thon, but the plate is more abruptly 
narrowed behind the anterior corners, the breadth across the hinder part is 
relatively greater, and the posterior emargination is less deep than in H. planus. 
The median eye is placed far back as in the type. Viets records this form 
from Eastern Prussia (47). //. crassipalpis, Koenike, was found in ponds near 
Enniscorthy, Co. Wexford, in May. This species may be easily recognized by 
the form of the eye-plate and the short, thick palps ; described by Dr. Koenike 
from Borkum and the neighbourhood of Bremen, where it is rare (27), At 
Killarney I have found a Hydryphantes which seems referable to a form of 
this species. The eye-plate (PL 22. fig. 35a) is smaller (length along middle 
line 298 p, breadth 418 p) and the anterior corners are most acute ; the sides 
are more doeply indented, and the posterior emargination is deeper. The 
palps (fig. 35 5) are shorter (length about 300 p) than in the typical form; 
the second segment (length 110 p) has four short dorsal spines on the upper 
surface and three longer, feathered hairs placed at the upper corner oi the 
inner surface of the segment. This form, which may be called lacustris , 
forma nov., was found in Loosecaunagh Lough, between Killarney and 
Kenmare, in the month of April. II. placationis , Thon (PI. 22. fig. 36), not 
common ; found in ponds near Galway in June, and in ponds in the Phoenix 
Park, Dublin, in April. H. dispar (Schanb) is apparently rare in Ireland; 
forunJ in company with the preceding species in ponds in the Phoenix Park 
in April. ' The eye-plate is figured (PL 22. fig. 37). 
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EXPLANATION OF THE PLATES. 

Plate 20. 

Pig. 1. Gamas us (JBuyamasus) crussttarsis, sp. nov. Male. a. Uhelicerte. b. Second leg. 
c. Process ou outer aide of femur of second leg, dorso-ventral view. 

2. Gamasdlu* (Protolaslaps) gvanuiatm , sp. nov. Female a . Under side. 6. Part 
of dorsal plate and soft epidermis. 

8. Gamastllus (Proiolalupt) subnudus?, Berl. Larva. 

4. Lalaps iatisternus, up. nov. Female. Under side. 

6. Lctiaps simplex, sp. nov. Female. Under aide. 

6. Lalapejunbriatw, sp. nov. Female. Genital and ventro-anal plates. 

7. Latioseius ( Latios .) gratify, sp. nov. Female, a. Upper side. b. Hair of posterior 

margin, c. Ambulacrum. 

6 . Lmostim (Lamoe.) omete$ f Oudem. Female, a. Under side, 6 . Shoulder bristle, 
c, Ohelioene. 

9. Zasiomus (Epiteius) glmber, Berl., Tar. curtifw, nov. Female. Under side. 

10. Imomm sp. nov. Female. 
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Kg. 11. Lasioseius (Bpiseius) italic* *, Berl. Male chelieene. 

12* Lasioseius {Bpiseius) michaeli, sp. nov. Male chelieene. 

18. Lasioseius {Bpiseius) major, sp. nov. Female : a. Under side. Male s k Chelieene. 
14. Lasioseius {Platyseius)subglabet' (Oudem.). Male ehelieere. 

(The male chelieene figured in 11, 12, and 14 are drawn to the eame magnification.) 

Platk 21. 

Fig. 18. Zereon tragardki, sp. nov. «. Upper side. b. Plumose hair. 

16. Ceratozercon bicotnis (Can. et Fanaugo). One of the terminal tubercles. 

17. Polyaspinus cylindrical, Berl Upper side. 

18. Traehyuropoda troguloides, Can. et Fanzago, var. eeltiea , Halbt. Upper side. 

19. Danmsoma minus, Paoli, var. lameUata, nov. a. Upper aide, b . Pseudostigmatic 

organ. 

20. Dameosoma maculosa, Warburton and Pearce Oephalothorax. 

21. Tarsonemus taticeps, sp. nov. Female : a. Anterior part of cephalothorax. Mule : 

4. Under side ; c. Fourth leg. 

22. BimichasUa crassipafpts, sp. nov. a. Upper side. b. Hexagonal marking of 

epidermis. 

28. Scirus mertnis, Trfigfirdb. a. Upper side. b. Palp. 

24. NeophyUobius saratilis, sp. nov. a. Upper side, b End segments of tbe fourth leg. 

26. Bryobia humeraHs , sp. nov. a. Upper side. b. Body hair. c. First leg. 

Plate 22. 

Fig. 26. JRhaphiynathus patrius , Berl., var. truncatm, nov. a. Upper side. b. Right palp, 
e. Segment of leg. 

27. Rhaphignatkus plumi/er, sp. nov. a. Upper side. b. Epidermis. 

28. Stiff f nous anthrodesvi ar. reticulatus, nov. a . Upper side. h. One of the dorsal shields. 

29. Drammenia crampalpis , Sig Thor, a . Upper side. b. hpimeral region, c. Palp. 

80. Hydryphantes ruber , de Ge&r. Eye-plate (River Bann). 

81 . Hydryphantes prolongatus, Thon . Eye-plate (Gal way ) . 

32. Hydryphantes prolongatus, Thon (Ab.J. a. Eye-plate, b. Palp (Donegal). 

83. Hydryphantes bayeri, Thon. Eye-plate ( iti\er Shannon). 

84. Hydryphantes bayeri var. nonundulata, Viet*. Eye-plate. 

85. Hydryphantes crassipalpts , Koen., lbrmu lacustris, nov. a. Eye-piate. 5. Palp. 

86. Hydryphantes plaeatianis , rhon. Eye-plate. 

87. Hydryphantes dispar , von Schaub. Ey e-plate. 

88. Bhnphignathus UmyipiHs , sp. nov. Palp. 

(Alt eye-plates of Hydryphantes are drawn to the same magnification, 
with the exception of number 85.) 


Note I.— Labioseivs (Lasiob.) oMJSTKn, Oudem , 

In a paper just received, ViUthum describes and figures this species from Austrian 
specimens found in the borings of “ bark-beetles/' (Arch. f. Naturg. 89 Jahtg. 1928.) 

Mote XL - Drammenia crassipalpis , Sig Thor. Additional localities for this species are— 
Stream above Lough Nahaaagan at 1600 feel, in submerged moss in June. Glencree, 
amongst wet moss and sphagnum at 600 feet in September; both of these localities 
are in tbe County Wicklow. Also amongst sphagnum on Featherbed Mountain in 
County Dublin at an elevation of 3600 feet, in September 1921 
4th July, 1928, 


J.N.HL 
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H! ^ ,H01 pliiMU and Asexual Ilepiod notion in l J ti/<hj<lera (ftpemu 
jfBqpiieUrdata). By J. I). F. Gjicmusr, MA, I> h< , F.L.S., 
^Professor of Zoology in the Univeisity of Cape Town 

(With 7 Toxt-fiirmeo ) 

[Read 7th June, 192 V 


“iTkBfHemiohordata, con«i doied as including the tlnce groups lepresented 
’V^&phafoih sens, Balanoglossus, and Phoroni s, are oi such impoitance as 
Jtp»siJ)jocomiectiiig links between the great gioups of V r ei tel) rates and Inver- 
TObftteft’th&t any now tacts beaung on their lelationslup to each othef or 
pjjyla of the animal kingdom ate of particular impoitance. The 
observations on a species of Balanoglossid, which exhibits a form 
tnTO&iqnphistp, associated with sexual and asexual reproduction, may there* 
t*3pc J|>e of ttpeoial inteiest. 

S'Kiei^, ^pftear to be at least four different species of “ Jialanouloswt ” in 
ftnee, which T have alieudy desetibed (Tuns. Plul. Roc. S. Afr.’ 

' v’of. \Vh. pt. 2, p. 131, 1908, and Ann. S Afnean Museum, vol. vi. pt. 2, 
Ph/ifodeta cafnnbis, P. / nohjeram , 1\ natahnsis , and an 
species, of which only a single imperfect specimen Las as'yet 
i^nyfxtodd* The first and second weie found in a tidal sandy pool in False 
third *m the muddy mangrove-boidered flats of Duiban Buy, the 

■ Iso Baj . The first two 

out th, which does not 
em to bo quite distinct 
the same pool, tfieir 
is of the body*, and the * 
cation in ontf if? them^ 
nt^seaoal and a^iitjdl. 

nilar.^ Wte dilfcrancg^ 
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successive {raginentations or proliferations at the extremity of the tail. ; (4) a 
further difference is that, though the two. species were found in the same 
locality and under the same conditions, they do not usually occur at the same 
season, P. eapensis being found chiefly, often exclusively, in the winter 
months, P. proliferans in the summer months, a fact which may, however, 
indicate a possible relation between the two species. To determine this point 
extensive collections were made at various seasons, but no indication of any 

Fig. 1. 



Fig. 2. 



transition from one form to the other was observed. The external differences 
between the two are shown diagrammatically by figs. 1 and 2, in which the 
bright yellow gonads are indicated by stippled shading and the hepatic caeca 
by black. Figs. 3 and 4 represent regenerating fragments, two and four 
weeks respectively after breaking off from the parent. 

As both species are hardy animals, thriving fairly well in captivity when 
supplied with abundant pure sea-water, a number were kept in e mfH gluts 
tanks partly filled with sand, and were examined from time to The 
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prooeas of asexual reproduction was continuous in the summer months, hut 
not rapid. In the case of half-a-dozen /\ proliferans , kept in a separate 
vessel, about four to six small fragments were given off every week. For a 
time these remained in close proximity to the parent, but many of them were 
subsequently found free on the surface of the sand, and were readily moved 
about by any commotion of the water — probably a means of dispersal. 
Some of these fragments were isolated and examined from time to time. 
They moved about freely, a proboscis and traces of a collar appeared, and 
for three weeks seemed to be developing into a form like their parent 
P. proliferans , but, about the end of this period, some of them were seen to 
be developing hepatic caeca and genital wings, while still retaining the bright 
yellow colour and narrow intestine of the parent". Finally, after about a 
month, the/ had the general characteristics of P. ca pen sis , with a few 
well-marked caeca and whitish caudal region, now containing a few grains of 
sand. The bright yellow colour had entirely disappeared even from the 
hranchio-geniial region, and they could not be distinguished from small 
P. capensis at a stage in which the gonads are not yet developed. 

Fig. 3. Fig. 4. 




Proliferated part 14 davs after 
separation. 


Proliferated part 25 days after 
separation. 


Tn order to ascertain further details of the transformation of the one form 
into the other, various stages were examined by sectioning. Sections of the 
tail region of P. proliferate show that the lateral septa are well developed 
throughout its length, and are in intimate connection with the gonads, which 
contain eosinophil globules, and, in some oases, one or two ova. The same 
condition is, of course, found in the segments which break off from its 
posterior extremity, and this is maintained until the stage when the proboscis 
with notochord, &c., have appeared. 

Figs. 5 and 6 show the conditions in a segment in which the proboscis is 
clearly shown, hut not the collar region, and the gonads occur, not as a 
continuous streak, hut at intervals, so that in some sections (tig. 5) the 
gonads still occupy a large part of the body cavity, but a few sections 
further on (fig. ti) they are almost entirely absent, though the lateral 
septa are still present. Sections of the same region at a later stage (about 
4 . weeks) (fig. 7) show an entire absence of gonads and no trace of lateral 
septa. Fragments of food-material — diatoms, protozoa, and flocoulent 
organio matter — may now be seen in the intestine. 

Evidently, therefore, the two species are identical, P. proliferate being 
capable of. giving rise asexually to P. capensis. The question then arises as 

29* 
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to whether this is a case of alternation of generations, P. capensis being the 
sexual form. To ascertain this the genital pleurae of P. proliferans were 
examined by teasing, sectioning, and compression, the last-named method 
being the most suitable for examining a large number of individuals, as the 
ova are fairly large (‘12 mm.) and conspicuous. The results of the 
examination were not consistent, some having apparently no ova, some only 
a few, and some a fair number. 


.‘ 8 °* 


Transverse section of caudal region of the stage shown in fig. 3. 
yon. rs gonads ; in. — intestine ; *tp. = septum. 


Fig. 6 Fig. 7. 



Another section of caudal region Transverse section of 

further back than that shown caudal region at the 

in fig. 5, stage shown in %. 4. 

Towards the end of the summer (May) the she P. proliferans kept under 
observation had become considerably reduced in sine, and a change wj>« 
observed. The posterior region of the body became of a paler colour, the 
yellow streaks being reduced to a few scattered patches, and the ifitestine 


Fio. 5. 
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contained a few grains of sand. At a later date hepatic caeca appeared 
about the middle of the body, and subsequently all were transformed into 
typical P. capensi with fairly well-developed gonads, in which, however, 
there were no ova. Thus both the parent and its proliferated parts ultimately 
assumed the form of P , capensis ♦ 

Ptyehodera proli/erans would seem, however, to be capable of reproducing 
sexually, as the gonads contain well-developed ova. The facts, how ever, that 
(1) ova may occur in the proliferated part, and be used up like the granules 
in the growth of the body, and (2) that the ova ultimately disappear in the 
reduced adult, seem to indicate that there is no sexual reproduction in this 
form. There can be little doubt that P. capensi into which both buds and 
parent are transformed, reproduces sexually, so that the whole process looks 
like a modified form of alternation of generations. There is evidence, how- 
ever, which seems to indicate that P. proliferans arises from P. capensis by n 
division of the latter in front of or at the hepatic region, and subsequent 
prolongation and proliferation of the genital region, followed finally by 
regeneration of the lost hepatic and caudal region. 

The nutritive eosinophil globules or granules evidently play an important 
part in the life-history of the animal, and their relation to the sexual elements 
may therefore be further enquired into. 

They have been noted in many other Enteropneusta, but their origin and 
function remain in doubt. Spengel found that, in P. mimita , they weie con- 
tained in cells in which no nuclei were seen. In P. flava Willey found no 
normal nuclei, and believed that the nuclei of the cells undergo a process 
of degeneration analogous to fatty degeneration. They were found to he 
present when the germ-cells were fully developed, but both authors found 
that they disappeared at the period of complete sexual maturity in the 
species they examined. As to their functions, Spengel could come to no 
definite conclusion ; Willey suggested that they are partly for the nutrition 
of the growing gerin*celie, but principally for providing an albuminous 
covering to protect the germ-cells during maturation. 

In P. capensis they are absent only in the young stages. They are preseut 
from the time the germ-cells begin to develop and increase in numbers with 
them, and are present when the animals are fully developed. They do not 
disappear at complete sexual maturity, though the sexual elements then pre- 
ponderate, and they subsequently (towards the end of the winter, when 
exceptionally large specimens were found) appear to increase in number, 
their bulk greatly exceeding that of the remaining germ-cells* 

In P. proliferans stage they constitute the main mass of the gonads* 
These are greatly attenuated posteriorly and occur, as already stated, as two 
narrow streaks of a bright yellow colour in the elongated posterior region of 
the body, which is rounded and without pleural ridges in 'the living animal. 
The relative abundance of ova and globules was ascertained by the methods 



398 WMobPHfsM IN pTvchoIjKua oapeksIs. 

already slated, and it was found tlmt the well-developed gonads consisted 
mostly of globules alone, the eggs being only present, and in diminished 
numbers, in some cases. 

The functions of globules in this case seem obvious, namely, the sustenance 
and growth of the non-feeding P. proli/fram, and of the buds, till they 
reached the feeding stage. 

Tho origin of globules and ova may best be studied in sections of P. ca~ 
pensif at a stage when the gonads arc beginning to appear as small yellow 
streaks in the genital wings, and their early stages may he seen at the 
extremities of their lobate ramifications. The gonads are surrounded with a 
layer of cells with elongate nuclei. The developing ova occur just within 
this layer. They are of irregular amoeboid shape, and the germinal vesicle 
is already well marked. Alongside of the ova, and apparently arising from 
the same peripheral epithelium, are other cells, the outlines of which are not 
well marked, containing lenticular nuclei like those of the outer layer, and 
numerous small globules. In the older parts of the gonads the globules 
constitute a solid mass, sometimes with many scattered and disintegrated 
nuclei, and, in still later stages, only a mass of globules, some small and 
some comparatively large, the latter being most probably formed by con- 
fluence of the smaller. No globules were seen in the body of the ovum, 
which, when mature, is surrounded by a zone of dear tissue with radiating 
lines. It appears to be a reasonable inference that the grannies are produced 
by modified germ-cells. 

Though no saoh process of asexual reproduction has apparently keen 
observed in other members of the Enteropneusta, the tendency of some 
species to fragmentation and regeneration is well known, and, if their life- 
histories could be followed out, it might be found that reproduction by fission 
is not an unusual process of multiplication, and is associated with the great 
abundance of eosinophil globules, which otherwise seem so difficult to 
account for. 

The. presence or absence of hepatic cseca, as well as the extent of their 
development, has not been found of any great systematic value in the Entero- 
pneusta, and this case may indicate that other sjjecies may at different times 
assume different forms, in which these structures may be absent, or in various 
stages of development as in P. proliferan*. 

Some ten years ago it was noted as a remarkable fact by Korscbelt and 
Heider that, while asexual reproduction was such a characteristic feature of 
Cephalodisrus, it was entirely absent in the closely-allied Balanoglotm * and 
in Phoronif. Since that date it has been shown by Harmer that it is a 
normal process in a species of Phoroni * , so that this distinction between Urn 
Pterubronchin, Enteropneusta, and Phoronidea disappears. 
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On tbe Morphology of the Hoad Capsule and Mouth-parts of Chlorops 
tcmiopw Meig. (Diptera). By J. G. H. Frew, M.Sc., Ministry of 
Agriculture Research Scholar. (From the Entomological Department, 
Rothamsted Experimental Station, Harpenden.) (Communicated by 
Dr. A. D. Imms, F.L.S.) 

(With 7 Text figures.) 

[Read 3rd May, 1923.] 

The following paper deals with a part of the anatomical work done in 
connection with an investigation into the life-history and bionomics of the 
Gout-fly of Barley ( Chlorops t&niopus) which is being carried on at Rot- 
hamsted under the direction of Dr. A. D. Imms. Considerable attention has 
recently been directed to the Dipterous head capsule owing to Peterson’s 
valuable monograph on the subject (3), and as the results of the present 
investigation seem to necessitate important modifications of some of the 
homologies put forward hy Peterson, it has been thought advisable to deal 
with the morphology of the head capsule of Chlorops in a separate paper. 
Peterson’s nomenclature is followed in all cases unless there is very strong 
evidence that it is incorrect. 

The Tentorium ani> the Epicranial Suture. 

The location of the epicranial suture is of fundamental importance in 
determining the bomology of the regions of the head capsule, and the 
position of the invaginations of the arms of the tentorium is, in cases of 
doubt, the safest guide to the position of the epicranial suture. The epicranial 
suture is typically ^-shaped. The stem represents the line of junction of the 
paired sclerites of the head, while between the arms lie the unpaired sclerites, 
the frons, clypeus, and hibrum* Except iu a few forms (Peterson, p. 15) the 
stem of the epicranial suture is wanting in Diptera. The tentorium consists' 
of an arrangement of chitinised rods and plate-like structures. These arise 
from three pairs of invaginations on the head — the openings of the posterior, 
anterior, and dorsal arms of the tentorium. The invaginations of the posterior 
arms are situated one on each side of the occipital foramen and are joined by 
a transverse cbitinous bar, forming the body of the tentorium and dividing 
the occipital foramen into dorsal and ventral halves. “The invaginations of 
the anterior arms are usually associated with the lateral margins of the 
clypeus, with one of the points of articulation of the mandibles, and frequently 
with the ventral ends of the arms of the epicranial suture. The invaginations 
of the dorsal arms are associated with the points of attachment of the an ten mu 
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and near the dorsal portions of the arms of the epicranial snture ” (Peterson, 
p. 26). According to Comstock and Kochi (1, p. 41), “Each dorsal arm of 
the tentorinm arises from the side of the body of the tentorinm between the 
anterior and posterior arms, and extends either to the front or to the margin 
of the antennal solerites.” 

If one examines the tentorium of Chloropt it is seen to consist of three 
distinct chitinous rods on each side (figs. 1 and 2). One rod on each side 
(p.a.) arises at the side of the occipital foramen and passes forwards along 
the ventral surface of the head capsule ending at the point marked X in 
figure 1, at the ventral corner of the ridge whicli forms the lateral 
boundary of the oral depression in whioh the proboscis lies when retracted. 
These two rods are obviously the posterior arms of the tentorinm ; the question 

Fig. 1. 

ft 


Fig. 2 . 



“* * * * ' * 1 Caudal aspect of Head Capsule. 

Cephalic aspect of Head Capsule. 


.of the position of the body of the tentorium is dealt with in connection with 
the morphology of the caudal aspect of the head. ETrom the point X a second 
chitinous bar ( a.a .) runs along eaoh lateral margin of the oral .depression 
ending at the point marked Y in the figure. This bur is a thickening of the 
mesial wall of a shallow slit4ike depression («.), which extends along eaoh 
lateral margin of tire oral depression. From the point Y a third bar (d&.y 
on each side extends dorsally along the au terror sufaoe of the head ; the 
dorsal end of each of these bars is strongly carved and «!'"«** 
the antennal base of its side in tbe manner shown in the figure. All three 
arms of the tentorium are fused along their entire length with the head 
capsule. The dorsal margin of the oral depression is marked by a strong 
bar whioh unites the two halves of the tentorium. 
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It seems clear that the bars extending from the points Y to the antennal 
bases are the dorsal arms of the tentorium, and their antennal ends are 
probably to be regarded as their points of invagination. The bars on each 
side uniting the points X and Y are here regarded as the anterior arms of 
the tentorium, their dorsal ends (Y) being their true points of invagination. 
As already mentioned, their invaginations are actually slit-like and extend 
along their whole length. Peterson has described several Brachycera and 
(Jyclorrhapha Ascbizu in which similar, though apparently not such pro- 
nounced, slit-like invaginations run along the anterior arms of the epicranial 
suture, and the occurrence of slit-like invaginations in Chlorops cannot, 
therefore, he regarded as in any way exceptional. It thus seems clear that 
the three arms of the tentorium can be recognized in Chlorops as in less 

Fig. 3. 

A B 



Diagram illustrating tlie nature of the tentorial thickenings of Chloropt. 


specialized insects, though their relations to each other are undoubtedly very 
different from the relations in more typical tentoria. Peterson, speaking of 
generalized insects, Bays (p. 26) : “ The small dorsal arms nnite with the larger 
anterior arms, and these, in torn, join with the posterior arms.” Fig. 3 A 
represents this diagrammatically ; the points 0 and P represent respectively 
the points of jnnotion of the dorsal arms with the anterior arms, and of the 
latter with the posterior arms. Fig. 3 B represents diagrammatically the 
condition found in Chlorops and the following provisional explanation is 
offered. In Chloropt, as in most species possessing a ptilinuiu, the rods of 
the tentorium have become fused with the head capsule. In the case of the 
Miterior arm this may be supposed to have resulted in the entire obliteration 
of the portion oE the rod extending from a,i. (its point of invagination) to 0, 
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so that these two points become coincident, the anterior arm now being 
represented only by the portion between the points 0 and P. Although this 
explanation seems quite plausible, an examination o£ Peterson’s extensive 
series of figures has failed to reveal any morphological evidence ill support 
of it in the shape of intermediate form*, and in view of the extensive scries 
of forms studied by Peterson it seems unlikely that such evidence is available. 

Peterson (p. lt>), although he says that the anterior arms of the epicranial 
suture are not present in any Dipteron possessing a ptilinum, considers, 
nevertheless, that 44 there is every reason to believe that the tentorial thick- 
enings mark the course of the suture/’ If one accepts this view the region 
of the head lying between the dorsal arms of the tentorial thickenings in 
(lil or ops must be the frons ; hut owing to the curved dorsal ends of the 
thickenings the antenna' arise, quite definitely, on this included region. 
Such a position for the antennae does not occur, so far a* I know, in any 
insect, and one must, therefore, conclude that (he region King between the 
dorsal arms of the tentorial thickening is n >t the frons (or fronto-clypeu*). 

I consider that the tentorial thickenings between the point** X and Y on 
each side mark the lower portions of the arms of the epicranial suture, the 
shallow invaginations in which the thickening* lie being probably the actual 
sutures which have remained permanently open. As mentioned al)o\e, the 
dorsal edge of the oral depression is formed by a tnuwerse ohitinous bar 
uniting the two halves of the tentorium, and I consider that this represents 
the dorsal and median region of the arms of the epicranial suture. The 
following passage from Peterson (p. 2b) gives, I think, considerable support 
to this view. Speaking of tlio invaginations of the anterior arms of the 
tentorium in Tahanus he sajs : — “The invaginations on each lateral half of 
the head are joined together by the arms of the epicranial suture and 
resemble the hypothetical type.” The points V have already been indicated 
as probably representing the points of invagination of the anterior arms of 
the tentorium. 

T consider, therefore, that the dorsal and lateral margins of the oral 
depression coincide with the anterior arm** of the epicranial suture. Accord- 
ing to this view the antenna' arise on the vertex, a position which they 
occupy in many Orthorrhapha, and one must look for the frons and elypuus 
among the structures lying in the oral depression. On the dorsal surface of 
the rostrum of the proboscis there is a plate which is the superficial region 
of a ohitinous structure usually termed the fulcrum. Lowne (p. 134) 
regarded this as the clypous, and l)r. I nuns tells me that he is expressing the 
same view in a forthcoming publication. With this view I agree, with the 
small reservation that, as according to Peterson (p. IT) the frons and clypeus 
are separated by a doubtful suture in only a few Orthorrhapha * and are 
entirely fused in the majority, it is possible that flie solorite in question 

a He also regards the frons and clypeus as fused in the Cjclorrlmphn, but here the region 
which he calls frunto-clypeus is, in my opinion, part of the > sites. 
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represents the fronto-clypous. If it only represents the clypeus, the frons is 
represented by the intervening membrane uniting it to the dorsal edge of the 
oral depression. 

Only in Alyeetophila among the Dipterous types studied by Peterson is the 
Hem of the epicranial suture complete. Some forms ( Tthahdophaga, Afyretobia, 
Tabanus ) “ show depressions or thickenings along the meson. These marks 
may have no significance ” (p. 15). In Chlorops there is a very distinct 
internal ridge running along the meson from the median ocellus to the 
median point of the dorsal edge of the frontal suture. 

# 

Torm^ and Fronto-clypeus. 

In the base of the rostrum there is a somewhat complex chitinous structure 
usually termed the fulcrum (fig. 4), part of which is internal and is formed 
by the chitinized basi pharynx, and part of which is superficial and is, as 
stated above, the clypeus or fronto-clypens. The internal portion will be 


Fig. 4. 



0-5 

Yentro-lftteral view of bnsipharvnx, torniip, and rlrpeu*. 

considered later ; it consists of dorsal and ventral plates enclosing between 
them the pharyngeal cavity. A vertical chitinous plate (/) on each side unites 
one side of the snperficial plate (clypeus) to the corresponding side of the 
basipharynx. Peterson regards these, together with the superficial plate 
which I consider to be the clypeus (or fronto-clypens). as the Tormre. 

“ The torm® in generalised insects are chitinized pieces which belong to 
the lateral portions of the epipharynx in the region of the clypeo-labral 
suture and connect with the clypens or lubrum at the lateral ends of the 
suture. . . . The tormre of generalized Diptera also connect with the inner 
surface of the ventral portion of the fronto-clypens” (Peterson, p. 19). The 
basipharynx is composed of united epipharynx and hypopharyux. Thus, by 
accepting the view that the superficial plate is the clypeus or fronto-clypens, 
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it will be seen that the lateral vertical plates have absolutely typical relation- 
ships as torinse. According to Peterson’s view that the lateral plates and the 
superficial plate represent toruisc alone, the tonnaj of the Cyclorrhapha are 
strikingly different in their relationships from the tormse of generalized 
insects or of the Orthorrhupba ; a difference which he hardly attempts to 
explain. 

As in the remainder of this paper I shall Imre no cause to disagree with 
Peterson’s views, it may be useful to summarize here the points of difference. 
In Chlorops I consider that the tentorium clearly consists of the three typical 
arms ; this may, however, be a special case, as it certainly appears to be 
judging from Peterson’s figures, and not general to all Oyclorrhupha. The 
following points, however, are almost certainly applicable to all Oyclor- 
rhapha : — 

1. The position of the arms of the epicranial suture is marked by the 

dorsal and lateral borders of the oral depression. 

2. All regions of the head lying dorsal and lateral to the oral depression 

are derived from the paired sclerites of the head, and the frons and 

clypeus must lie within the oral depression. 

3. The antennae arise on the vertex. 

4. The superficial plate of the fulcrum is the clypeus or fronto-clypeus. 

5. The tormse are the chitinized plates joining the sides of the clypeus 

to the sides of the chitinized busipharyux. 

It eannot be claimed that absolutely rigid proof of any one of the above 
statements has been given. The evidence in support of thorn seems to me, 
however, to be very strong, and their acceptance appears to afford a very 
much clearer explanation of the nature of the facial aspect of the Cyclor- 
rhaphous head capsule than docs Peterson’s homology, and, moreover, 
brings the Cyolorrhaphous head cupsule more into line with that of the 
Orthorrhapba or of generalized insects. 

r lhe Ptilinum shows no marked peculiarities. It lies within the hoad 
capsule close against its anterior wall. The frontal suture {/.*.) lies just 
dersal to the antennal bases. 

The Labrum (figs. 1, 5, & 6) is a rather heavily chitinized triangular 
sclerite lying along the dorsal surface of the medi proboscis, its huso being 
continuous Vith the dorsal membrane of the distal end of the basiproboscis, 
so that it is separated from the clypeus by a considerable extent of membrane 
— a condition which is usual, but not universal, in Diptera (Peterson, pp. 20- 
21). The ventral surface of the labrum is longitudinally grooved for the 
reception of the epipbarynx, which fits tightly within the groove and cannot 
be removed without damaging the labrum. Tiie epipbarynx does not extern) . 
quite to the distal end of the labrum, and just beyond its ter mi nation the < 
labral groove bears two small conical papilla;, one on each side, which have 
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the appearance of being sense-organs. The dorsal surface of the labruin is 
strongly convex from side to side ; its base articulates with the distal ends of 
the stipites (fig. C). The labrum, together- with the epipharynx, is easily 
lifted from the surface of the proboscis and rotated dorsallv, its ba«e hinging 
on the §tipites. 

The Vertex “is interpreted ns including all the cephalic and dorsal 
aspects of the epicraniuni except the front. . . . The region of the vertex 
ventrad and mesad of each compound eye is a gena” (Peterson, pp. 21-22). 
It is only necessary to remark that what Peterson calls the front is, in mv 
opinion, part of the vertex. The term “front" as applied to Cvclorrhapha 
has no true morphological significance, hut the region defined by the term is 
so well understood, and the term is so constantly used in taxouomical writings 
on Diptera, that it would, I think, he a mistake to propose any new name for 
this region. 

The Compound Eye* and Ocelli . — The only noteworthy feature concerning 
the eves is the presence round their margins of a well-marked, though 
incomplete, ocular sclerite (figs 1 & 2, <>.*.). Tins ring sclerite is incomplete 
anteriorly ; it hears two small peg-like projections, an antero-ventral (a.p.) 
and a postero-dorsal (p.p.). The three ocelli are situated on the vertex some 
distance dorsal to the frontal suture, and lie on a raised and dark-coloured 
triangular aioa (tig. 2, o.t.), which is continued forwards in front of the 
median ocellus as a dark-coloured internal chitinous ridge running along the 
median line or the vertex and ending at the dorsal margin of the frontal 
suture. 

Occiput and Postokxaj. 

Owing to the absence of sutures on the caudal aspect of the head (fig. 2), 
it is not possitde to define with certainty the limits of the occiput and post- 
date, and accordingly Peterson’s view is followed that all regions of the 
caudal aspect lying dorsal to a transverse line drawn through the middle of the 
occipital foramen belong to the occiput, while the areas ventral to this line 
and lateral to the mesial membranous area arc the postgen ao. The dorsal half 
,of the foramen is strengthened by a thickening of the occiput (p.o.) which 
provides articulation for the neck sclerites. I follow Peterson in calling this 
the Paroeciput. It is not marked off from the occiput by a secondary 
suture, as is frequently the case in Diptera. On each side a chitinous peg 
(l/J.) projects mesially across the Foramen, the two almost meeting in the 
median lino and dividing the foramen into dorsal and ventral halves. These 
certainly appear to me to be processes of the ventral ends of the paroeciput, 
but Peterson has named apparently identical structures (e. g. in Chloropisca 
qlaltrtti fig. 132) as the body of the tentorium, and as he lias examined a 
large series of forms and has therefore had the opportunity of tracing the 
variation of the body of the tentorium in Diptera, I have decided to follow 
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his nomenclature in this matter. On each side the paroccipnt bears an 
articular surface of somewhat complicated nature (art.) with which the 
anterior end of the chief neck sclerite on each side articulates. 

The ventral half of the rim of the occipital foramen is thickened (j>a.p.) t 
and the posterior arms of the tentorium appear to arise from this thickened 
rim. This is the Parapostgenal thickening (Peterson, p. 24). 

Two long chitinized ridges (r.) occur on the inner surface of the occiput, 
one on each side, arising from the dorso-latoral region of the paroccipnt and 
extending dorso-laterally towards the eyes. A median thickening, which is 
present in many Gyclorrhapha in addition to the above, is not found in 
Chlorops. 


Fra. 5. 


cl 



05 

* Lateral view of the proboscis. 

The Antenna consist of three basal joints and an arista arising from the 
third joint and itself three-jointed. The second joint of the antenna has a 
cone-shaped apex which fits into the base of the third joint. The basal joint 
is a ring-shaped sderite and is united to the second joint by a membranous 
region of considerable extent. There is a relatively large pit on the nnder 
surface of the third joint which is probably a sense-organ, but which has sot 
yet been closely examined. The arista is minutely pilose. 

Mandibles are absent. . 

The Labium forms the greater .part of. the proboscis. The following is a 
brief rtsunU of Peterson's views on the homology of the Dipterous pro- 
boscis,:— The membranous basiproboscis is made up of submontane, mentum. 
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and the cardines and stipites of the maxillae, but the limits of the sclerites 
cannot be distinguished. The mediproboscis and the distiproboscis con- 
stitute theligula. The labellae are the paraglossa?, and between them are two 
membranous lobes which are the glossce *. 

In the membranous basi proboscis of Clilorops only the stipites (figs. 1, 5, 
6, st.) can be distinguished as separate sclerites. In the majority of 
Cyclorrhapha a distinct galea is found attached to the ventral end of each 
stipes, part of it appearing on the surface of the proboscis (the stipites lying 


Fio. 0. 



Ventral view of labnmr, epipharynx, and associated parts. 

entirely within the proboscis), ,% In the Calypteratse and some of the 
Aealypteratjc the galea articulates with the proximal end of the labrum and 
is more or less firmly connected with the same. The ectal exposure of the 
galea is very small in these forms'’ (Peterson, p. 41). In Chlorops I have 
been unable to differentiate the galea*, and they have probably fused with the 

* Other views on the morphology’ of the proboscis are given by Wesche, W., “The 
Labial rnul Maxillary Palps in Dip tern ” (Trans. Linn. Soc., Zool. vol. ix. 1908-7), aud by 
Crampton, O. C., “ The Sclented of the Head, and the Mouth-parts of certain Immature and 
Adult Insects” (Ann. Ent, Soc. Amer. vol. xiv., 1921 j. The former author considers that 
the palpi of Muscida are labial and not maxillary. Crampton conside rs that the lubeila of 
Piptera are labial palps. 
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ventral end of the stipites, which, as already mentioned, articulate with the 
base of the hibrum. Although very near the surface I could ' not definitely 
determine that any part of these ventral ends was actually superficial. Hie 
stipites are flexible, and probably springy rods. When the proboscis is 
extended they are practically straight, but they are considerably curved 
when the proboscis is retracted. They probably assist in the extension of 
the proboscis by pressing on the base of the lahrum ; this point, however, 
requires further investigation. According to Peterson the areas mesad 
of the stipites are to be considered as developed from the submentum and 
inentum, while the areas lateral to them arc formed from the maxillae. 

The Theca (fig. 5, th.) is a broad curved sclorite lying on the caudal aspect 
of the mediproboscis. It is not very heavily chitinized, nor are its limits 
very sharply defined. On its dorsal (anterior) aspect the mediproboscis is 
channelled by a longitudinal groove whose walls are rather more heavily 
chitinized than the general membrane of the mediproboscis ; the hypopbarynx 
lies in this groove. 

Fig. 7. 



Diagram of the relationship of the epipharynx and 
the kypopliarynx. (Ventral view.) 

The LaJiellw (Paragloss®) are shown in fig. 5. A detailed account of their 
structure is unnecessary as they are essentially similar to those of Mvsca* 
Each labella forms half of the stomal disc, the two being united mesially by 
a flexible membrane, and each bears three pseudotrachero. The two outer 
pseudotrache® of each side unite to form a short common duct which 
opens into a short but wide groove at the proximal end of the stomal 
disc, this groove being continuous proximally with the groove of the hypo- 
pharynx. The mesial pseudotrachea of each side opens separately into the 
short common groove. The gloss® cannot be distinguished. According to 
Peterson this is also the case in Chloropisca , where “it is impossible to dif- 
ferentiate the gloss® from the chitinized groove of the mediproboscis and the 
proximal ends of the pseudotrache® * (p. 49). 

In the majority of Diptera each paraglossa is supported by a triradiate 
chitinized rod— the Furca — lying on its lateral and caudal aspects, end in 

the majority of Bracbycera and Cyclorrhapha there is a small solerite 

Sigma — situated between each furca and the ventral margin of the thee*. 
Neither of these sclerites is present in Chlorops , but this is not very surprising, 
as Peterson mentions a number of Diptera, Chlwopma among tbem,in 
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which he has been unable to distinguish them. “ Kappa ” is also absent, but 
Peterson has only found this sclerite in Tabanus , Tipula , and Bittacomorpha , 
where it lies “ embedded in the membrane laterad of the ventral ends of the 
theca.” 

The Maxillary Palps (m.p.) are one-jointed anti present no peculiarities. 
Epipharynx and Hypopharynx. 

The epipharynx (< ep figs. 1, 6, 7) lies in the groove on the under side of 
the labrum and is in the form of a gutter, semicircular in cross-section and 
opening ventrally. The hypopharynx (hpJ) is a similar but rather more deli- 
cate structure lying in the groove on the dorsal surface of the mediproboscis, 
its opening facing dorsally so that, when epipharynx and hypopharynx are in 
contact, a closed hollow cylinder of chitin is formed. At about the point of 
junction of mediproboscis and disti proboscis the epipharynx and hypopharynx 
unite to form a short closed cylindrical tube, the disti pharynx (d.ph.)* whose 
proximal end articulates with the distal end of the basipharynx ( b.ph > ), the 
cavities of the two being continuous. Although it is certain that the short 
distipharynx consists of united epi- and hypopharynx, it ha< the appearance 
of being formed by the former alone, which is obviously a direct continuation 
of if, whereas the hypopharynx is separated from the distipharynx by a 
narrow membranous area acting as a hinge, ami is easily broken off’ at this 
point. 

•Just distal to its junction with the distipharynx the epipharynx has a 
rather deep groove fig. C) on its surface. The hypopharynx apparently 
lies quite freely in the groove on the mediproboscis, from which it is easily 
detached except at its distal end, where the two are united. As the labrum 
is slightly, and the epipharynx considerably, shorter than the hypopharynx, 
there is a short distal region of the latter which cannot be converted into a 
closed groove by the apposition of the labrum or epipharynx. The distal end 
of the hypopharyngcal groove is, however, deep, and a study of serial 
sections has afforded some evidence of the possibility of the lips of the groove 
being brought together to form a closed chaunel, such a closure being 
probably effected by an increase of turgidity in the mediproboscis due to the 
pumping in of body-fluid when the proboscis is extended for feeding. 

Basipharynx. (Figs. 4 & f>, b.ptu) 

The form of the basipharynx is sufficiently well shown in the various 
figures. It is an organ of suction. Muscles arise from the dorsal surface of 
the basiproboscis and are inserted into the dorsal wall of the basipharynx, 
which they raise by their contraction, thus increasing the capacity of the 
pharynx. Posteriorly the basipharynx ends in two blunt cornua {cu.). 
Peterson interprets the basipharynx as consisting of united epipharynx and 
hypopharynx* 

xajm, JOURN.— ZOOLOGY, VOL, XXXV, 


30 



4J0 HEAP CAPSULE AND MOUTH-PARTS 01< CHLOROPS TjENTOPUH. 


References. 

(1) Comstock, J. H., & Kochi, 0. (1902). “The Skeleton of the Hoad oi 

Insects/ 1 The American Naturalist, vol. xxxvi. 

(2) Lownk, B. T. (1890-95) . “ Anatomy, Physiology, Morphology, anc 

Development o£ the Blow-Fly/' London. 

(3) Peterson, A. (191(1). “ The Head Capsule and Mouth-parts of Diptera.’ 

Illinois Biological Monographs vol. iii. No. 2. 


Index lettering to Text-fitfvres 
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c.g. epipharyngeal grout e. 
cp. epipharynx. 
f.s frontal suture. 
hp. hvpopharynx. . 

la. labeling 
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The Crustacean Plankton of the English Lake District. 

By Robert Gurney, M.A., F.L.S. 

(Platk 23 and 3 Text-figures,) 

[Read 3rd May, 1923.] 

The published information with regard to the Crustacea of the Lake District 
is surprisingly scanty. Mr. Scoarfield has included all available records in 
his Synopsis of British Entomostraca (1903-4), but naturally dealt only with 
the district as a whole, without comparison of the fauna of the different 
lakes. Miss Pratt’s paper on the Entomostraca of Lake Bassenthwaite is 
the only attempt that has been made to give a comprehensive account of the 
Crustacea of any single lake. The phytoplankton, on the other hand, is 
fairly well-known as a result of the work of Messrs. West and of Dr. Pearsall. 

The following account of the Crustacea of the district lays no claim to 
being exhaustive or even to deal with many of the points of special interest, 
but at least it may serve as a groundwork for comparison with other lake 
areas and to draw attention to questions oil which further work is required. 

The material at my disposal consists chiefly of a series of plankton samples 
taken by Dr. W. H. Pearsall during 1921 and 1922 for the purpose of a 
study of the phytoplankton, and I wish to express my thanks to him for the 
loan of these collections and for the valuable information which he has 
readily given to me during the course of the work. 1 have also myself 
visited the district and have made collections in a few of the lakes. During 
the autumn of 1922 I spent a week in the western part of the district 
specially investigating the Crustacea of Ennerdale, Wastwater, and Coniston. 

While it is probable that the collections at my disposal give a fairly com- 
plete picture of the composition of the crustacean plankton of the various 
lakes, it is unfortunately true that the methods which are suitable for the 
collection and preservation of phytoplankton arc by no means so for the 
Grnstacea ; and for this reason, though Dr. Pearsall’s collections extend over 
a large part of two years, it is not possible to deduce from them any reliable 
conclusions as to the seasonal distribution and variation of the Entomostraca. 

Undoubtedly much further wqrk remains to be done with regard to these 
two questions, and also in connection with the vertical distribution of the 
species. It seems also to be probable that the distribution of the Crustacea 
may not be uniform in some of the larger lakes, and that suoh lakes should 
not, therefore, be dealt with as homogeneous units. For instance, the com- 
position of the plankton in the deep part of Ennerdale is not the same as 

30* 
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that of the shallow western part, and the same may be the case with Ulls- 
water, Windermere, and, perhaps, Coniston. Holopedium gibberum was not 
found in any of Dr. Pearsall’s collections from Windermere, but it was taken 
there many years ago by Beck, and again in 1912 by Mr. P. A. Buxton. 
It may be that it is a permanent inhabitant of the lake, bat it is restricted to 
oertuin parts of it. 


Fjg. 1. 



Map of the English Lake District, with section showing the relation of 
scenery and gradients to the underlying rocks. 

(By permission of Dr. W. H. Pearsall and the Council of the Royal Society.) 


I have thought it well to add notes on some of the species composing the 
plankton, and on the fauna of some of the high-lying lakelets or tarns, in 
order to give a more complete picture of the crustacean fanna than would be 
conveyed by a statement of the composition of the plankton alone. 
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With the physical conditions of the district and its lakes it is not my 
business to deal. The foundation of our knowledge of these lakes was laid 
in the survey of Dr. H. It. Mill (1895), and I)r. Pearsall has, in his papers 
on the aquatic flora and phytoplankton, added greatly to our knowledge of 
the post-Glacial history and present conditions of these lakes. The accom- 
panying map clearly shows relations of the lakes, which occupy valleys 
radiating from a common centre. 

The Plankton. — Comparison oj the various Lakes . 

One of the chief results of Dr. Pearsall's work is that “the stage of 
evolution of the lake-basin must be regarded as being the fundamental factor 
affecting the distribution of the phytoplankton, since it is upon this factor 
that the character of the waters depends” (1921, p. 279), and he has divided 
the lakes into groups on the basis of the amount of silting of their beds. 
These groups are : — 

I. Primitive Lakes. 

Wastwater, Ennerdale, Buttermere, and Crummock. 

II. Intermediate Lakes. 

Hawes Water, Derwentwater, Bassenth waite. 

III. Evolved Lakes. 

Coniston, Windermere, Ullswater. 

IV. Most evolved Lakes. 

Estbwaite (and Grasmere). 

The phytoplankton corresponds fairly well with this grouping, the lakes 
of the first group containing a Desmid plankton, while in the remainder 
there is a large proportion of Diatoms. But Desmids are also frequent in 
Group II., while Myxophycea? form an increasing component of the plankton 
of Groups III. and IV., and are at times dominant in Esthwaite. As 
Dr. Pearsall inteuds to deai in detail with the plankton as a whole in relation 
to its environment, I shall do no more than attempt to show how far the 
distribution of Entomostraca conforms to this grouping. 

Any grouping of these lakes on the basis of their Crustacea is by no means 
easy, since, with the exception of Buttermere and Crummock, which lie in 
the same valley and undoubtedly at one time formed a single lake, each lake 
has its own individual character — so much so that it would probably always 
be possible to identify the lake from which any given representative sample 
of plankton was taken. 

In Table 1, I have arranged the lakes in the groups adopted by Dr. 
Pearsall, Group 1. beiug the most primitive and least silted, and from this 
table the composition of the Crustacean plankton can be seen at a glance. 
Every plankton species taken is recorded in the table, but those which 
occurred only singly in one collection or were evidently not regular con- 
stituents of the plankton are distinguished by a cross enclosed in a circle. 
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Table 1, showing composition of Plankton. The Lakes are arranged in 
Groups as in Pearsall, 1921, p. 276. Crosses enclosed in circles indicate 
that the species is occasionally found, but is not a regular member of 
the plankton. These species are not included in the total numbers. 
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It should be noted further that collections have only been taken from the 
shore of Buttermere, and that I have only a single collection from Grasmere* 
taken in September 1912. Species which are known to belong to the littoral 
fauna, such as Alonoptis elongaia, are omitted even when they have some* 
times been taken in the plankton. Chydorut tp/uerieus, which is often 
limnetic in central European lakes, is not found in the plankton of this 
district. 

It will be seen at once that the Crustacea do not conform to Dr. Pearsall’s 
grouping, and indeed it is difficult to trace definite relationships at all. 
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Group I. of the lakes of the deep and rocky type agree in the limited number 
of species and the absence of species characteristic of shallow and warm 
waters, and in their predominant zooplankton, while Ennerdale and W astwater 
together differ from Buttermere and Cru inmock in the entire absence of 
Daphnia . Buttermere and ( Vuinmock are characterized by the dominance 
in their plankton of the typical form of Daphnia hyalma . But, although 
Ennerdale and Wastwater are so alike in physical characters, they differ 
markedly in their plankton, not only in the species found, but in their 
relative ubundauce. Ennerdale possesses two striking species, Holopedium 
yibberum and Limnocalamis macrurus, which are absent from Wastwater, 
but, on the other hand, lacks both Leptodora kiudti and Cyclops abyssornm } 
both of which are common in Wastwater. Further, Bosmina obtusiroslris i> 
abundant in Wastwater, while it is an insignificant component of the plankton 
of Ennerdale. It cannot, in fact, be said that the Crustacea indicate any 
greater relationship between these two lakes than between either of them 
and certain lakes in other groups such as Hawes Water, IJllswater, or 
Coniston. In these two lakes Dr. Pearsall^ grouping is put sharply to the 
test, for, so far as physical conditions go, two lakes r could hardly be more 
alike than tlie.se, and their phytoplankton also is very similar. 

The same difficulty is met with in ihe other groups, though it is true that 
Esthwaite has characters which distinguish it very clearly. It has a very 
varied plankton, which contains the “ warm-water or lowland Crustacea 
JHaphunosoma brachyurvm , Certodaphnia , and Cyclops leuckarti: but its chief 
claim to distinction i* the presence (in company with B . obtusirostris) of 
Bosmina longirostris , which is a distinctly southern form. Grasmere, except 
for containing Holopedium , is very similar to Esthwaite. 

In Group II. it is clear that Hawes Water cannot be classed with Derwent- 
water and Bassenth waite with regard to their Crustacea. The presence of 
the northern species JHaptomvs taiiceps places it in a class apart, its elevation 
of 694 feet giviug it almost a position among the mountain tarns. It differs 
also from the other two, possibly for the same reason, in the different race of 
Daphnia inhabiting it, and also in the absence of Sida, Leptodora , and 
Cyclops leuckarti* 

Dorwentwater and Basseuthwaite also differ considerably, though forming 
part of one drainage system, for the latter lacks any species of Daphnia or of 
Bosmina , being unique among the lakes in this respect. It is true that both 
have been recorded from it, and that a single specimen of Bosmina obtusi- 
rostris occurred in one sample examined hy me ; but it is evident that, at the 
present time, neither can properly be included in its fauna. The great 
abundance of Diaphanosoma in the plankton of both lakes is a striking 
feature in common, and the plankton of Bassenthwaite may perhaps he 
regarded as that of Derwentwater, in which certain elements have been 
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Dr. Pearsall suggests that the impoverishment of the* plankton of Bussan- 
thwaite may be due to the silt from lead mines washed into the lake during 
the past fifteen or twenty years. It is quite possible that to this cause is due 
the difference between the present plankton aud the list given* by Miss Pratt 
in 1898. 

Group III. is also by no means a natural group from the point .of view of 
the Crustacea, although the fact that it is only in the three lakes — Collision, 
Windermere, and (Ills water — that Daphnia of the galeata*lovn\ occurs, may 
indicate a similarity of conditions. The presence of JJolopedium , either 
regularly or occasionally, in Ullswater and Windermere may also be regarded 
as evidence of similarity, though the stutus of the species in the district is 
rather doubtful. It seems to me that, if any grouping is to be attempted on 
the basis of the crustacean plankton, Ullswater and Hawes Water should be 
included in the series of primitive lakes, while Windermere, with its Dia - 
phahosoma , Ceriodaphnia , and Cyclops leuckarti , belongs more nearly to the 
Esth waite-Grasmere series. Ooniston, with its dominan t crustacean pla nkton, 
comes near the primitive type, while Derwent water and Bassenth wait© lead 
on towards the more evolved type of Windermere and Esthwaite. 

It is impossible, without greatly extended knowledge of the food require- 
ments of the Entoinosfcraca, to determine what are the factors controlling 
their distributions in an area such as this. The evidence is conflicting. 
Birge (1898, p. 353) states that Daphnia feed readily on filamentous Diatoms 
(e. g. Melosira) and also on Aphanizomenon and Anabccna , while Diaptomus 
prefers Anabwna and Aphanizomenon to Diatoms. On the other hand, more 
recent investigations lead to the supposition that but little correspondence 
will be found between the distribution of the Entomostraca and the net 
phytoplankton, since the Entomostraca appear mainly to feed upon the 
minute nannoplankton, which is not taken in the plankton net. Woltcreck 
^1908) stated that the net plankton is far too large to be taken in by Daphnia , 
their food consisting partly of the finest detritus, but uminly of the nanno- 
plankton. The latter he found to be more abundant in the Lunzer Obersee, 
where Daphnia was more flourishing, thun iu the Untersee, and attributed 
this to the greater organic content of the water. This result was confirmed 
by experiment, since it was found possible to maintain limnetic Daphnias in 
health on a diet of a pure culture of Chlorella , 

Neumann * concluded that it was not the Algae themselves but the detritus 
produced from them, and the smaller Flagellates, which provided the food 
for the Crustacea, and that the dust-fine organic detritus or peritripton, which 
may be introduced into the lake from without, may be of the utmost 
importance in the lime-free Palaeozoic regions. In such lakes the zoo- 
plankton is greatly in excess of the phytoplankton. The lakes of the 

* I have not been able tq consult Neumann’s paper, but rely oii a review of it in Arch, 
f. Hydrob. xii. 1920, p. 885. 
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lowlands of north and middle Europe are, on the other hand, rich in electro- 
lytes, the phytoplankton is abundant, and the zooplankton feeds on the 
detritus derived from it. 

Considerations such as these offer a possible clue to the understanding of 
the composition of the zooplankton, but leave untouched the problem of the 
distribution of the predaceous Cladocera such as Leptodora. 

The factor which appears chiefly to influence the distribution of the 
Crustacea in this district is depth of water. A fair idea of the relative 
depth of the lakes is given by the following table, showing the percentages 
of the area covered by depths of 50 or 100 feet. 

TabIjK 2. — Depths of the Lake®. Figures from H. It. Mill, 1895. 
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(54 

36 

( ’oniston . . . . 
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:»>-» 

Kim er dale 
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52 0 

07*8 

32*2 

(Vummock. . . 1 

144 

27 

47 

53 

Hawes Water . . 

108 

61 

98*3 

1*7 

Bui term ere , ...| 

94 

37* 

100 

1 

' 1 

Derwentwater . . 


93*11 

100 

1 

i 

liaasenthwatte . J 

70 

941 | 

100 » 



In some cases this does not give a true impression, since, in the case of 
Ennerdale, Windermere, and Ullswater, there are deep and shallow basins. 
Mill divides the lakes into a deep and a shallow class, the latter including 
only Derwentwater and Bassentlvwaite. 

Now, the species of plankton Crustacea may be roughly arranged as Cold- 
water, Eurytherm, and Warm-water species, and it is found that the 
proportions in which these classes occur in the lakes vary in fairly close 
accordance with the depth. It should be noted that, in the following table, 
the lakes are arranged according to the percentage of depth over 100 feet, 
but Ennerdale is plaoed next to Wastwater, in view of the configuration of 
its eastern trough. Windermere and Hawes Water are more or less inter- 
mediate between the deep and shallow lakes in the character of the plankton, 
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but the former should be specially studied with a view to seeing if, as is 
probably the case, the plankton ot the deep and the shallow basin differs in 
composition. 


Table 3. — Composition of the Plankton. 



('’old-water Specie* 

Eui>tln*im Species. 

\\ niui-wuWi Spw'Wv 1 

1 

W as l water . 

2 
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Eunerdale . . . 

8 

o 

1 

1 

Crumiuock 


o 

' 

Conistun 

> 

1 

1 

Wmdeimere . . 1 

2 

» 

3 

i 

Ullswater . . . . 

8 

3 

1 

UftweS Water 

! 

8 

3 

1 

Derwentwater . 

1 

r> 

1 3 

1 

Bassenthwaite . 

— 

4 

1 

i 3 

1 

Estliwftite .... 

1 

4 

! 5 i 


Tin Northern JJlemntt ni the Plankton* 

* 

The general character of the plankton invert distinct from the Centrul 
European and Baltic types and resembles that of (Scotland. Characteristic 
of it is the absence ot Daphnias of the* nuulfata-% roup and of Jiostnina 
longirostris from all the lakes except Esthwiiite and Grasmere, and of 
t 'eriodaphnia from all but Windermere and Ehthwaite. 

The general abundance of Bosmina obtusirobtns m itself marks the 
plankton as of the northern type, but the following species are also 
characteristic of northern or arctic lakes : — 

Holopedium gibberum . 

Daphnta hijalina s. str. 

Bytliotrephes longimaims 
Polyphemus pediculus . 

1 Haptomus latieeps . 

Limnocalanus manrurus . 

Cyclops abyssomm, 

Uiaphanosoma hrachyurum may be looked upon as belonging to a southern, 
warm-water, genus, but it is itself so wideh distributed throughout Europe, 
in cold as well as in warm waters, that little importance can be attached to 
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it in this connection. It is found onlv in the summer months and has an 
extremely short lite-cycle, a fact which has probably largely assisted it to 
accommodate itself to a great variety of waters. 

Leptodora ki/idti , although in deep lakes it may have a preference for the 
lower or colder strata, is by no means restricted to deep lakes, nor is it 
characteristic of northern regions. It may rather be regarded as a southern 
element in the fauna. 

Although the crustacean plankton of the Lake District has a distinct 
northern facies, the absence from it of Diaptomu* laciniatus and 1 K wierzejskii , 
which are not uncommon in Scotland, is noticeable. The latter is a eury therm 
species of remarkably wide range, but characteristic of pools rather than of 
lakes, but the former is a definitely arctic-alpine species. Diaptomus laticeps 
is a member of the group of northern Diaptomus which is widely distributed 
in Scotland, but only occurs in this district in Hawes Water and Goats 
Water. It seems probable that it may be a recent immigrant. 

From the point of view of the Crustacea the Lake District plankton 
certainly belongs to the Scottish Highland type, with the addition of a few 
southern forms. f 

It must be admitted that any discussion as to whether the plankton of any 
lake or district has a northern or southern facies is of doubtful value in the 
present state of our knowledge of the means of distribution and required 
conditions of existence of the different species. Not only is the whole 
question of the relation of the present fauna to the effects of the Glacial 
period far from being clear, but we have little means of knowing to what 
extent ihe fauna was able to survive that period in its original habitat. In 
the case of the Lake District it seems fairly certain that the present lake- 
basins were filled with ice, and it is probable that the whole district was 
covered with a mantle of ice, so that the present aquatic fauna is entirely of 
post-Glacul origin. It has been re-colonised largely by northern species, 
because these species find here, under a lowland climate, the conditions 
necessary for their existence, which are depth of water, form of lake-basin, 
and chemical composition of the rocks of the drainage area. The similarity 
of the plankton of the Scottish and Cumberland lakes, and of both with 
that of some Scandinavian and Irish lakes, may be due in large part to their 
boing excavated in ancient lime-free rocks rather than to climatic influences. 
The similarity between the arctic and alpine fauna of Entomostraca may he 
accounted for by unlimited powers of dispersal rather than by the influence 
of the Glacial period. It is true that the evidence from other groups is in 
favour of the current views as to the relation of the alpine to the arctic 
fauna, but we require to know far more about means of dispersal before the 
matter can be regarded as decided. I will give two instances within my 
own knowledge which illustrate the danger of relying on limited powers of 
dispersal and upon the nature of the habitat in speculations regarding 
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post-Glacial distribution. In 1907 Apm vamiiformU , which liad not been seen 
in Britain for over 40 years, was found in Scotland by Mr. Balfour-Browne, 
but had again disappeared the following year. Limmcytliere mirabitis is 
claimed by Zschokke as a member of the deep-water fauna of the Swiss lakes, 
which is of northern origin and finds only in deep waters the conditions 
necessary for existence in its southern station. But in 1905 I found this 
species in a shallow ruin-pool near Biskra in Algeria, and 'another species, 
L. ineita , in a stream which irrigates the Oasis of Oumuch. 

The Plankton of Ennerdale Water . 

The discovery of Limnoealanm maerums in Ennerdale indicated at least a 
possibility that other 44 relict 99 Crustacea might be found there, and made it 
most desirable that the lake should be carefully explored. With this 
purpose in view I visited the lake at the end of September 1922, and made 
special efforts to collect the Crustacea of the deep water. The lake is shallow 
at its western end, but the eastorn part is a deep narrow trough with a 
maximum depth of 148 feet. The shores aie rocky, and with a very steep 
slope. 

The weather during my stay was unfavourable, but I was able to search a 
large part of the deep trough with a coarse tow-net and light dredge, and 
also to take plankton samples on three successive night*-. Neither AJysi s 
relicta nor any Amphipods wore taken. This negative result should be tested 
by examination of the stomachs of Char (Salmo alpinus ), but I have not 
been able to obtain specimens. 

Table 4 gives the composition of the plankton between September 27th 
and 29th. It is of course impossible to obtain accurate information as to 
the vertical distribution of plankton without the use of a closing net und a 
succession of short vertical hauls, but I do not think that such accuracy is, in 
general, necessary, and a fair approximation to the truth may be got with 
less eflort and simpler means. My own collections were made with an 
ordinary small plankton net, which was let down, together with a weight, to 
the required depth and then towed a distance of about 100 yards. Naturally 
the net fished both going down and coming up, but the results of the different 
hauls are so distinct that they do in my opinion give information us to the 
vertical distribution. I have not attempted to compare different hauls by 
absolute numbers, but have counted the individuals of each species in the 
whole or in part of the collection, and expressed their frequency as percentages 
of the whole number of individuals of all species counted. This method gives 
an accurate statement of the comparative frequency, though not of the absolute 
numbers of any species, and it admits of a comparison being made between 
samples from the same or different lakes however they may have been taken. 
Similar figures are given for Wastwater and (Jonisfcon for purposes of 
comparison. 
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Table 4. — Composition of the Plankton of Ennerdale, Wastwater, and 

Coniston. 

The figures give numbers of individuals of each species per cent, of whole number counted. 
| < Surface. \\At Night — S in-face . i Deep Water . 
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It is clear from the table that the plankton is by no means uniform 
throughout the lake either vertically or horizontally, neither is it the same 
by night and by day. 

The chief component of the plankton is JHaptomus gracilis, which is 
distributed throughout the lake, but is relatively more abundant in the 
western end than in the deep eastern trough, and has a distinct preference 
for the surface. The figures given for the deep-water samples must bn 
discounted to some extent, owing to the fishing of the net going down and 
coming up. It is curious that this species seemed to be present in absolutely 
smaller numbers on the surface by night than bv day. 

Linwocalanus is also distributed all over the lake, but is found only in 
small numbers in the shallow water. It abounds both on the surface and in 
deep water in the eastern trough, and may greatly exceed 7>. gracilis in 
numbers. Although common at all times on the surface, it is noticeably 
more abundant during darkness. 

ITolopedinm gibberum is only exceptionally found on the surface by day, 
but is common in deep water, and at night forms a large part of the snrface 
plankton. 

Bosmina obtvsirostris, though apparently fairly common at some seasons, 
was almost absent from the l»ke at the time of my visit, the few specimens 
taken being in deep-water samples. 

. A curious feature of the plankton was the appearance of Sida crgstallina 
on the surface at night. It was not taken during the day in any collections 
in open water, but occurred in three out of four plankton samples taken at 
night. All these samples were taken at the surface over water 80-120 feet 
deep, the only sample in which Sida was not found having been taken in 
shallow water. The specimens taken were almost all males. 

The Entomostraca of the Tarns. 

The occurrence of Diaptomns laticeps in Hawes Water und in Goats 
Water (as recorded by Brady) raised the expectation that the fauna of the 
high tarns of the district might prove to include other species representative 
of the arctic-alpine Entomostraca which do not occur in the lakes, and, at 
the end of September 1022, I visited some of these tarns and made 
collections in them and in pools and bogs up to an elevation of about 2000 
feet. The result did not fulfil expectation, since J). laticeps was not found in 
any tarn other than Goats Water. There was also a notable absence of the 
northern forms of Garpaticid, with the exception of Canthocamptus cuspi- 
dolus, which seems to be comparatively common in Sphagnum in running 
water where the temperature is low. Nevertheless I think the results are of 
sufficient interest to be given in some detail. The complete list of s pye fa* Is 
shown in tabular form. 
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1. Floutern Tarn. This tarn, which is fairly deep and contains trout, lies, 
at a height of about 1250 feet, just on the east of the watershed between 
Ennerdale and Cruminock valleys, in a deep hollow in the grassy moor. It 
is on the edge of the area of the Skiddaw Slates, the granite hill of Great 
Borne rising steeply on the south. All around the tarn is swampy ground, 
with trickliug springs and hollows filled with Sphagnum. 

The water is dark and peaty, and the marginal vegetation consists of 
[Attm'ella (dominant) and Lobelia. The tarn drains into (Irummock. 
Seven species only of Entomostraca were taken, Bosmina abtusirostris being 
the dominant species. A large proportion of the females were ephippial, 
but only one male was seen. Very few females carried summer eggs, so that 
the colony was probably at its maximum and about to die out. IHaptomus 
gracilis was abundant, a large proportion being males. All were of a striking 
blue colour, but of quite typical structure. 

2. Green dale Tarn lies, at a height of 1320 feet, on the Borrowdale 
volcanic series at the head of a glen north of Wast water. West of it is a 
gently sloping moor, while east of it rises the bare rocky Middle Fell. The 
tarn is very shallow, with clear water and stony bottom, the vegetation 
consisting of Lobelia, Littorella , Callitriche , Myriophyllum , and Jsoetes. 
While I was unfortunately unable to take the temperature, I can say that 
the water was (Oct. 1st, 1922) so intensely cold that it was impossible to 
wade out and collect in the open. Eleven species of Entomostraca were 
taken, among which Biaphanosoma brachyurum was the most abundant. 
Bosmina was common, but none were ephippial. hiaptomus gracilis was 
abundant, and here of a fine rod colour *, but the majority were immature. 
Alonopsis elongata was abundant, but none were sexual. 

3. Lerers Wafer, altitude 1350 feet, lies on the Borrowdale volcanic series, 
and is a rather large, nearly circular, tarn in a barren rocky eorrie. It ow r es 
its existence to a morainic dam, but its outlet is artificially controlled and its 
level somewhat raised for the supply of water to the Coniston copper works. 
The floor and sides of the tarn are rocky and without any vegetation, and 
Entomostraca are almost absent. The only species found in quantity was 
Alonopsis elongata , and, besides this species, only a single individual each of 
Bosmina abtusirostris and Acroperus liarptv were taken in spite of prolonged 
search. On the other hand, B. obtusirostris was found common in quite u 
small pool near the tarn. 

The lifelossness of this tarn is rather remarkable, and I can offer no 
explanation* 

4. Low Water, at a freight of 1786 feet, lies in a circular eorrie beneath 
the crags of Coniston Old Man, and is, as Levers Water, partly dammed for 

a Ward (1901) notes specially the red colour of copepods iu elevated lakes. 
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tbe service of the mines. It also is rocky, deep, and without vegetation, the 
water rather dark coloured. The fauna consisted of four speoies only, and 
these in small numbers. Diaptomus gracilis was here of a rich red-orange 
colour. A curious feature of the fauna was the extreme blackness of the 
Alonopiii elongata, which proved to be due to the retention of the old shell 
at moulting. The majority of the individuals showed three old shell valves 
adhering and forming “ lines of growth.” In other tarns and in the lakes 
similar individuals were occasionally seen, but the feature was pronounced 
only in Low Water. Lilljeborg mentions the same thing as characteristic of 
specimens of this species from the high north of Sweden, and it is apparently 
a character connected in some way with tbe low temperature of the habitat. 

5. Goats Water, 1646 feet, is a small tarn in a combe on the north-east 
side of Coniston Old Man. It owes its existence to a dam of rocks fallen 
from Dow Crags, and the water from it soaks through the dam and issues as 
a stream some distance below. The water is deep and clear, the shore rocky 
and entirely barren. The fauna was found to be very scanty, but six species 
were taken, the most noticeable being .Diaptomus laticeps , conspicuous from 
its red colour. 

6. Bighlow Tam., about 2 miles N.E. of Coniston, at a height of about 
600 feet, is mainly of artificial origin, being due to the union of several small 
shallow tarns by the damming of the stream. Lying comparatively low, 
with shelving banks, its vegetation is rich and includes Nymphcea. Conse- 
quently its fauna is quite different from that of high tarns. Ceriodaplmia, 
Polyphemus, and Bosmiva longirostns are common, and I’olvti.r was present 
in such quantity as to give the water a thick green colour. 

7. Sphagnum pools and spring waters. 

On the high ground of the Floutern Pass and round the foot of Collision 
Old Man there is much swampy ground, often with little rills of running 
water, and occasional pools largely filled with Sphagnum. The water was 
uniformly very cold. 

By the outflow pf Greendale Tarn there are a number of small pools 
generally margined with Sphagnum, but one of them, which was of some 
depth, was choked with Callitriche and contained some larvse of the Newt 
Molge cristatus. These larvse were kindly identified for me by Miss J. B. 
Procter, who informs me that they were either newly hatched or only a few 
days old. This very late hatohing is very unusual, and no doubt due to the 
coldness of the water. 

The Sphagnum in running water was commonly tenanted by Canthocamptus 
cuspidatus, a slow-moving pink-coloured Harpacticid which is a characte ristic 
northern species. In pools and springs the moss contained either C. cuspi- 
datus, €. zschokkei, or C. pygvmus, but never more than one species in one 
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place. Several species of Cyclop s were taken, of which the most interesting 
is (\ cennstus, which was common in pools on Floutern Pass and was also 
found by Greendale Tarn. It was somewhat unexpected to find C. nanus in 
pools on Floutern Pass since I regard this species as a warm-water form. 

Ft is worth noticing that Acantholeberis eurtirost ris was only found in two 
high-lying pools. This is a species found in lime-free hog waters, but it is 
evidently not a cold-water northern form. Alona rustica and Chydorus piger 
are species of similar preference, and were found rather infrequently on the 
high ground. 

Table 5. — The Crustacea of the Tarns. 
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Highlow Taru has all the characters of a lowland pool, but the remaining 
tarns described are probably fairly representative of all the high-lying waters 
of the district. Those examined fall into two groups, of the peaty and the 
rocky type, the former represented by Floutern and Greendale Tarns and 
the latter by Levers Water, Low Water, and Goats Water. Floutern and 
Greendale Tarns have a relatively rich Entomostracan fauna characterized 
unh r. journ. — zoology, vol. xxxy. 31 
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by Diaphanosoma , while the rocky tarns o£ Coniston have a very scanty 
fauna, both of species and individuals. The brilliant colour, either red or 
blue, of D . gracilis in these high tarns is very striking. 

The means of dispersal of the species is a problem of some obscurity. All 
the tarns are of comparatively recent origin, owing their existence to 
morainic dams or rock-falls, and each, as a rule, occupies the head of a 
lateral valley. 

Keilhack, studying high-lying waters in the Dauphin<5 Alps, concluded 
that distribution of species was effected by migratory birds, and that water- 
sheds rarely, if over, exert any influence on distribution. While it is 
impossible to offer any other satisfactory explanation, the agency of birds, 
especially in the Lakeland area, seems to be of doubtful efficacy. A detailed 
survey of the tarns of this compact and uniform district, with special 
reference to the dissemination of species, would probably lead to results of 
great general interest. 


Notes on some of the Species . 

Limnooalanus macrurus, Sars. 

The occurrence of this fine Ontropagid in Ennerdalo is rather a startling 
discovery, and raises problems of exceptional interest. It was first recognized 
in a collection made by Dr. Pearsall on Sept. 23, 1921, the sample con- 
taining five specimens. As a result of this discovery Dr. Pearsall arranged 
for a series of collections to be made in the lake, and I also visited it myself 
on Sept. 27, 1922, but, although I am able to give some account of its 
distribution in the lake amt its seasonal cycle, the facts are by no means 
complete, and can only l>e ascertained by quantitative methods with suitable 
apparatus. So far as information goes at present, the species is very abun- 
dant in the lake and occurs in every pail of it, at all events in autumn, which 
is the period of maximum development ; but it is far more abundant in the 
deep eastern trough, and occurs only in small numbers in the shallow western 
end. All previous observations, by Ekman and others, agree in showing 
that L . macrurus is only exceptionally found at the surface, and is almost 
entirely confined to water below a depth of 5 metres. Further, the maximum 
temperature of water in which it lives is 14° 0., but even when the tempera- 
ture is lower than this it floes not come to the surface. In Ennerdale this is 
not the case. The first collection in which it occurred was made on the 
surface (in stormy weather it is true), the temperature of the water being 
14*4° 0., and my own collections between Sept. 27 and 29 proved that it lived 
at that time in considerable numbers at the surface, although it certainly was 
more abundant in deeper water, down to about 80 feet. It is impossible to 
give exact figures, since I had no closing net at my disposal, but the figures 
given in Table 2 (p. 417) will serve to show the distribution at that time 
with, I believe, a sufficient approximation to the truth. I was unfortunately 
unable to take temperature observations. 
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Diurnal migration of the species was strongly marked at the time of ray 
visit. On three successive nights surface plankton samples were taken over 
the shallow and medium (50-70 feet) depths, and in each case Limnocalanus 
was found in much greater numbers than during the day. The figures in 
the talde do not bring out this fact so clearly as would have been the case if 
absolute numbers could have been given, but the difference between day and 
night plankton was quite obvious and striking on the spot. 

So far as concerns seasonal distribution, the facts with regard to Limno- 
ealanus in Ennerdale are somewhat uncertain. Ekman has shown that in 
the Baltic lakes there is only one breeding-period — in autumn. Young 
appear first in March, and by May the first-hatched young are fully grown. 
But there is then a period of about five months during which little or no 
growth takes place ami the genital organs remained undeveloped. Sexual 
maturity is reached in autumn, and breeding begius in November at a 
temperature of about 7° C. The adults of the previous year die off in 
spring and all have disappeared by May. 

Dr. Pearsall’s collections may be regarded as indicating a similar life-cycle 
in Ennerdalc, but. are by no means conclusive. Neither y oung nor adult 
were taken on Feb. 18, 11*22, but two adults and many young were found in 
n sample from the shallow end of the lake on April 20, though, curiously 
enough, none at all were taken in a deep-water collection on the same day. 
In June and July no young, but a very few adults, were taken; but in 
October adults were common in GO feet of water. It seems safe to say that 
young are only found in spring, and that adults are abundant, and even the 
commonest plankton species, in September and October. 

The interest of this species lies more, however, in its geographical distri- 
bution and its origin sis a member of the fresh- water fauna, audit is necessary 
to go into this question in some detail since its occurrence in Ennerdale 
raises a particular difficult geological problem. 

Ekman has dealt exhaustively with the structure and distribution of 
L . marnmts ( 1913), particularly with reference to the Baltic area, and his 
results may he summarized as follows : — 

1. L, mavrurus of fresh- water lakes is not specifically separable from 
Is. (jnmaldn , which inhabits brackish water in the Baltic and Caspian Seas 
and along the coasts of Alaska and Siberia. 

The differences are : — 

(a) Shape of head, the dorsal contour being more swollen in L . macrurus.' 

(i) In L . grimaldii the last thoracic segment is rather triangular or 
pointed, or may have a minute hook-like projection, whereas it 
is rounded in’ L. macrums. 

(c) The antennse are longer in L. grimaldii. 

(d) The furcal rami of L. grimaldii are longer than in L. macrums. 

While the two extremes are readily distinguished, they are united by 

local varieties presenting every intermediate condition. 

31 * 
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2. In Earope L . macrurus is only found in lakes which can be proved to 
have been separated from the sea in post-Glacial times. It is therefore a 
44 relict ” form in the strictest sense. It has .not arrived in any of the lakes 
it now inhabits by active migration. 

3. The shape of the head in L. macrurus, while not at all variable among 
individuals in any given lake, varies greatly according to the locality, and 
it can be shown that those lakes (in Europe) which contain the extreme 
fresh-water form have been separated longest from the sea, whilst in more 
recent lakes the Limnocalanus approaches more nearly to the grimaldi 
form. 

4. It is evident that L. grimaldii is the parent form, and that L . macrurus 
is a variant from it which has arisen independently in many places, the effect 
of the change of medinm being always in the same direction.! 

5. The first step in the transformation occurred in the Baltic during the 
44 Ancylns Lake*' period, and the Baltic lakes in which Limnocalanus occurs 
are relicts of the Ancylus lake. 

With the most interesting speculations of Ekman on the subject of the 
origin of species founded on these facts we have no concern here. 

Now, while it seems to me that Ekman ’s conclusions with regard to the 
Lininocalanus of the Baltic area and of the Caspian Sea are entirely well 
founded, there are certain criticisms to be made, and it is difficult to extend 
his explanation to the Limnocalanus of Ennerdale and the lakes of North 
America in which it occurs. 

In the first place I cannot unreservedly accept Ekman’s basis of measure- 
ment of the head form on which much of his argument depends. Ekman 
has adopted the following system of measurement : — 

(1) Head-length — to the dorsal groove immediately in front of tho mandi- 

bular muscle. (See text-fig. 2.) 

(2) Head-height — B — expressed as a percentage of half the head-length. 

(3) Height of vertex above or below the dorsal line of the thorax expressed 

as a percentage of half the head-length. 

The last measurement is negative in all the grimaldii forms, and positive 
only in the extreme macrurus forms whore the dorsal contour of the head 
swells up above tne dorsal line of the thorax. 

While the first and second measurements are fairly definite and extra- 
ordinarily constant, the third seems to me so uncertain as to be of little value, 
since (as Ekman has himself pointed oat) the selection of a dorsal horizontal 
base-line is a matter of guess-work. I have been quite unable to find agree- 
ment between his own figures for this character and the drawings of the 
specimens from which the measurements were taken ; in fact, these measure- 
ments cannot, as I believe, give a real definition of the shape of the bead, 
which can only be shown in a drawing. Still, for purposes of comparison, 
I give, in Table 6, measurements taken by Ekman’s methods for the 
Ennerdale and other forms, 



OF THE ENGLISH LAKE DISTRICT. 


m 


It is evident that, if L. grimaldii be the parent form, those races which 
approach it most nearly in shape of head and in other respects may he regarded 
as most nearly related, and consequently more recently separated from it. 
It is therefore of some interest to apply Ekman’s system of measurement 
to races other than those of the Baltic region, and to see if by that means 
any clue to their age may be found. 


Fio. 2. 


A 



Limnocalanus mac runts from Ennerdale, showing method of measurement. 
A. Head-length. B. Head-height. C. Crown-level. 


Table 6. — Measurements of Limnocalanus maervrus and L. grimaldii . 


Figures marked * are taken from Ekman, 1914. 
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I possess a few specimens of L. grimaldii from the Caspian Sea which 
were given to me by the late Canon Norman some years ago, and by the 
kindness of Dr. C. Jaday I have had the opportunity of examining 
Ln macrurus from Green Lake, Lake Erie, and Lake Canandaigua (one of 
the Finger Lakes east of Lake Ontario). Dr. S. Ekman also lias been good 
enough to send me specimens from Lakes Miilaren and Insjdn in Sweden. 
Measurements of these races are given in Table 6. 

So far as the numerical expression of the head-form goes, the Ennerdale 
race cannot be compared with any of the Baltic races, since in none of them 
is so great a head-height accompanied by so low a crown-level. The only 
race with similar bead-height (Lake Mjosen) has a dorsal swelling rising 
above the horizontal dorsal line. On the other hand, the high, evenly- 
rounded dorsal outline rather closely resembles Ekman ’s figure of the race 
from Unden in Sweden, though that race has a crown-height according to 
his measurements of only — 6. It seems that in respect of this character the 
Ennerdale race stands somewhat apart, but that it must have been evolved 
from the grimaldii - type at a comparatively remote period. 

The North American races differ but little in head-form, and conform more 
closely to the Baltic type. Both have a posterior more or less horizontal part 
with an anterior descending slope, and agree very closely in appearance with 
the Malaren form, though the measurements do not agree very well with 
those given for that race (PI. 23. fig. 6). But, as compared with the Enner- 
dale race (PI. 23. fig. 1), specimens from North America certainly approach 
far more nearly to the grimaldii type, and are consequently to be regarded as 
of more recent origin. 

This conclusion is strengthened by a consideration of the other characters 
in which the two forms differ. 

(1) The true grimaldii form of the Arctic Ocean (examples from Jana 
River) measure over 3 mm., while the somewhat modified form of the Baltic 
may also attain 3 mm. (Gulf of Finland). It is, on the other hand, roughly 
true of the Baltic area that the oldest fresh-water races arc the smallest 
(Sommen P87 mm.. Unden 1-72 mm.). Small size is therefore to some 
extent evidence of prolonged sojourn in fresh water. In respect of this 
character the Ennerdale race (2-18 mm.) holds amove or less middle position. 
The race from Lake Erie, on the other band, is one of the largest known 
(2-86 mm.), greatly exceeding any other fresh-water race and exceeded only 
by those of North Siberia and the Gulf of Finl and in salt water. The 
Green Lake form, though similar in structure, is but little larger than that 
of tike Ennerdale race. 

(2) The antenna in the true grimaldii form reaches to the base of the furca 
or e^en further (PI. 23. fig. 5), whereas in typical L. macrurus it does not 
extend further than the first abdominal segment. In this respect the Emier- 
daje race belongs to the extreme fresh-water type, while those from North 
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America have the antenna; slightly longer. In the Malaren race, which is 
one of the most primitive forms, the antennae in the female may reach to the 
base of the furca. 

(3) The length of the furcal rami in proportion to the whole body differs 
in different lakes, but the published information on this point is too scanty 
to admit of a definite conclusion as to whether there is any connection 
between the shortness of the furca and the length of sojourn in fresh water. 
The furcal rami of the Ennerdale and the American forms are notably 
shorter than those of the grimaldii form from the Caspian, but, on the other 
hand, both the Malaren and the Insjbn races have these rami as long as or 
longer than those of my Caspian specimens. 

(4) The pointed triangular form of the lateral expansion of the last thoracic 
segment has been given by Prof. Sars as one of tbe distinctive characters of 
L. grimaldii , siuce in all the. fresh-water races this segment is simply rounded. 
I find in my Caspian Sea specimens that this segment is produced laterally 
into a very well-defined point (PI. 23. fig. 3), and it is important to note that 
a similar point is to be found in some of the specimens from Green Lake and 
from Lake Canandaigua, and very rarely also in those from Lake Erie, 
while the Ennerdale race has the segment simply rounded. This character, 
small as it may appear, seems to be of importance in indicating relationship 
with the parent form, and the North American race must for this reason also 
be regarded as of comparatively recent origin. The primitive Malaren race 
has this segment generally very slightly angular, and occasionally there is a 
definite point as in L. grimaldii (Pl. 23. fig. 8). 

It is remarkable that, in spite of the considerable differences in general 
body-form between the brackish and fresh-w r ater races of Mmnocalaniu ?, 
there is no appreciable difference to be found between any of the appendages 
of the two forms, except as regards the length of the antennules. I have 
compared the appendages of the seven races available to me, and find the 
agreement perfect in almost every detail. There is, however, one very slight 
difference which may he peculiar to the Caspian race, namely the absence of 
a spine on the outer distal angle of the first joint of the exopodite in the 
right fifth foot of the male. Prof. Sars does not figure a spine in this 
position, neither was it present in a specimen examined by me, but it is 
present in all other races of which figures are published. 

Having dealt, so far as I am able, with the biology and structui e of the 
Ennerdale and North American races of Limnocalanus in comparison with 
others, there remains the consideration of the question ns to whether these 
races can be regarded as “ relicts ” in the same sense as those of the Baltic 
area. 

It must be admitted that in neither case can any definite answer be given. 

There can be little doubt that the whole of the Lakeland area was 
completely covered by ice during the Glacial period, though the view' that 
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the lakes themselves are glacially-eroded rock-basins is not universally 
admitted. In any case, however, the fauna must have reached these lakes 
after the withdrawal of the ice. 

According to Clifton Ward (1876) the passing of the Glacial period was 
immediately followed by a submergence of the whole district by as much as 
2000 feet, which would leave only the highest ground projecting as a 
number of small islands in the midst of an arctic sea. If a submergence to 
this or to a much smaller extent can be admitted, then L. macrurus might 
well be a relict of this sea left in Ennerdale. Unfortunately Ward's 
conclusions are not admitted by geologists of the present day, though I have 
not been able to find in any literature available to me any serious discussion 
of the question of post-Glacial changes of level in this district. The matter 
is hardly referred to in Marr's ‘ Geology of the Lake District/ but 
apparently he does not admit a submergence of more than a few feet, which 
could not have made any material difference to the distribution of land and sea. 

If a submergence to an extent sufficient to bring the sea in the first 
instance into direct connection with the Ennerdale basin cannot be conceded, 
there are only two alternatives. Either the interpretation of the geological 
facts is wrong, or a marine species has either been able to migrate for miles 
up a rushing stream of fresh water or has been transported directly into the 
lake. No biologist would for a moment consider such migration or trans- 
ference to be even conceivable. It must be remembered that we are dealing 
with a species which occurs in this one lake only in the British Isles and 
cannot have been transported to its present habitat from any other lake in 
Britain. 

Even if Clifton Ward's great submergence could be proved true, it is still 
a little doubtful if it would satisfactorily explain the facts. Our knowledge 
of marine relicts seeni9 to point to the conclusion that transformation of 
marine species into fresh-water relicts lias rarely happened, and only in cases 
where very large areas of water have been involved. Thus the />. macrurus 
of the Baltic area owe their origin to the transformation of the Yoldia Sea 
into the Ancylus Lake, rather than to the separation of lakes from the Yoldia 
Sea itself. In other words, £. grimaldii was transformed into a form of 
L . macrurus in the Ancylus Lake and not, in the first instance, in the 
existing inland lakes. Similarly, we should not expect that a race of 
L . grimaldii could have survived in so small a lake as Ennerdale itself even 
if it could be shown that the lake had itself been cut off from the sea. 

To explain the occurrence of this species in Ennerdale in the same way as 
its occurrence in the Baltic lakes, it is more reasonable to assume that the 
Irish Sea itself has passed through a history somewhat similar to that of the 
Baltic, having been changed from an arctic sea containing £. grimaldii to a 
fresh or brackish water, and finally to its present condition, and that during 
the second phase L. grimaldii became in part transformed in the direction of 
jp. macrurus . Further, that conditions were such that, on the renewed 
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entrance of salt water, immigration into Ennerdale was possible. I must 
freely admit that such a supposition is not supported by the geological 
evidence, but it does not appear to me to be ail altogether impossible 
assumption in view of the following facts. 

There is evidence of a subsidence of land immediately after the withdrawal 
of the ice, and of a later elevation at a time when the submerged peat-beds 
and forests were formed. But the amount of the latter elevation is uncertain, 
and there is no positive evidence of a rise of more than CO feet. On the 
other hand, the occurrence in Ireland of the Red Deer and Reindeer seem to 
necessitate the supposition that there was some land connection between 
England and Ireland in neolithic time, and, as Jukes-Browne has pointed out, 
firstly it is possible that this elevation may have been greater than has been 
supposed, and secondly it is very probable that the floor of the Irish Sea, 
which was thickly covered by drift, has been greatly eroded and re-modelled. 
It may consequently have been at so much higher a level that a comparatively 
small elevation may have sufficed to effect a land connection with partial or 
complete damming off of the sea. 

Dr. Scharff has assumed fhe existence of a grefit lake occupying the 
trough of the Irish Sea to explain the present distribution of the genus 
( 'ore i/o nun in Britain and Ireland, and if such a lake could have originated 
hv freshening of a (Racial sea, not only might L. crrimaldii have been therein 
isolated and transformed, hut also My sis oealata could in this way have been 
changed into AL relict a and have readied its present station in Lough Neagh. 

There are two obvious objections, namely that M. relict a does not live in 
Ennerdale and L. macrurus does not occur in Lough Neagh. Further, that 
conditions which would allow the latter to reach Ennerdale should also allow 
it to reach Wast water and perhaps other lakes. To these objections not 
much importance need be attached until more is known of the conditions 
which determine the distribution of fresh-water Crustacea. Not only does 
the plankton of Lough Neagh differ radically from that of the English lakes 
in general, but these lakes differ unaccountably among themselves, and 
Wastw a ter and Ennerdale, alike as they seem to be in physical conditions, 
contain quite different plankton. Renee it cannot be assumed that a species 
would establish itself in every lake to which it had access. 

It is equally difficult to explain the distribution of Limnocalanus in North 
America. Its distribution follows rather closely that of Mysis relicta , as 
shown in Table 7, page 434. 

macrurus therefore occurs in all the great takes and in a number of 
lakes belonging to the same druinage system, but not, so far as I can find, in 
any lakes outside this region,, 

So far as the origin of these species is concerned, the view once held that 
the Great Lakes were themselves at one time invaded by the sea and that 
M. relicta is a true relict within them 1ms been generally abandoned, but at 
the same time there appears to be no doubt that the sea did, at a late stage 
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in the post-GIacial history of the region, penetrate up the St. Lawrence 
valley and flood the basins of Lake Ontario and of Lake Champlain. At 
this time there existed an eastern outlet from Lake Huron through the 
Ottawa valley. The marino deposits of this stage are found at a height of 
400-500 feet by Lake Champlain and at 600 feet near the east end of Lake 
Ontario. It would appear that we have bore all the conditions necessary for 
the isolation and modification of these two “ relict ” species, but thero are 
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two great difficulties in the way, namely the absence of Myth relicta from 
Lakes Ontario and Champlain and the existence at or before that time of the 
Niagara Falls, which would be an effective bar to migration into the other 
lakes. On the other hand, the absence of a species from a lake ut the 
present day does not necessarily prove that it has never existed there, and 
the occurrence of both species in the Finger Lakes, which form part of the 
drainage system of Ontario, seems to he good evidence that they have 
reached these lakes from Ontario. Their penetration into the other Great 
Lakes must, one must suppose, have taken place by way of the Ottawu con- 
nection, and in any case we arc forced to assume for L. macrurus a capacity 
for active migration up rivers which is denied by JSkinan. 

• So far as I know, there is no published record of the occurrence of Linmocahw* in 
Lake Ontario, but Dr. C. Juday informs me that he has found it in a plankton sample from 
this lake taken by Dr. N. \. Clement in October 1922. I am greatly indebted to Dr Juday 
for this information. 
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The recent discovery of another species of the genus {L. johanseni , Marsh) 
in a tundra pool in Alaska seems to raise a new problem altogether. But 
Mursh 9 s description is very short, and it is not clear that this new species is 
really distinct from L. yrimaldii or L . macrurus , the only essential difference 
mentioned beiug the shortness of the furcal rami. It is important that this 
species should be fully described and its distribution ascertained. 

Diaftomus l ati ceps, Sars. 

Syn. Z>. hircus , Brady. 

Brady’s species, / ). hlrcas , was established in 1891 on specimens taken 
from Goats Water, an elevated tarn on the slopes of Coniston Old Man. 
There can be no doubt that his species is identical with 1>. laticeps , from 
which it differs in no essential character. 

It is an arctic and alpine species occurring mainly in Scandinavia, but 
recorded from Akmolinsk in Russia, the Julian Alps, Serbia, and 
Herzegovina. It has also been taken in several lakes in Scotland and in 
Ireland. 

The only lake in the Lake District in which the spocies is found is Havvos 
Water, which is the highest of all (694 feet), and for that reason may have 
a different temperature. It seemed likely that lK laticeps might be common 
in the high tarns of the district, but, as I have said in my notes on these 
tarns, this is not the case. On the other hand, our knowledge of the fauna of 
these tarns is very incomplete, and it may prove to occur in the tarns of 
Harter Fell and to have reached Hawes Water from thence. 

Cyclops abyssorum, Sars. 

This species has been found in all the lakes examined with the exception 
of Ennerdale, Derwent water, Bassentlnvaite, and Esthwaite. In Ennerdale 
no limnetic species of Cyclops was seen in any of the samples taken either 
by Dr. Pearsall or myself, but Brady has recorded the occurrence there of 
('. cicinus. The occurrence of that species in the plankton of this district 
seems most unlikely, and it is more probable that Brady had specimens of 
C . abyssorum , in which case the species once inhabited Ennerdale but has 
now disappeared. 

Prof. Brady has recorded the occurrence of this species in Windermere 
and Coniston in deep water in Aug. 1883, and Prof. Sars, in his ‘ Crustacea 
of Norway, 9 deseribes it as inhabiting only the deeper layers of water. My 
own collections in Wastwater and Coniston show that, though it is found in 
autumn on the surface, it is distinctly more abundant in deeper water, and 
its absence from Derwentwater, Bassenth waite, and Esthwaite is no doubt 
largely due to their small depth. It is replaced in these lakes by C\ leuckarti. 
In 1911 a few specimens were taken by me in Bassenthwaite, but it is 
evidently not an established member of the plankton in that lake. 
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The seasonal cycle of the species cannot be determined with certainty 
from Dr. PearsalFs collections, which were mostly taken on the surface, and 
therefore are unreliable in the case of a deep-water species ; but a careful 
comparison of the records from the different lakes leads to the conclusion 
that there is only one period of breeding, namely in the autumn, and that 
the adults die after breeding, the species passing the winter either in the 
form of resting-eggs or as nauplii. In all the lakes mature specimens were 
rare or absent in spring and early summer, blit were abundant in collections 
made between August and November. Females bearing eggs were found in 
Hawes Water in August, but in the other lakes only in September or 
October, If this is a true statement of the breeding cycle, it resembles very 
closely the cycle in L. macrurus — another cold-water northern form. On the 
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other hand, Scheffelt (1908) and Burcklmrdt (1900) found two breeding- 
periods in the Cyclops of the slrenuus - group studied by them in the Black 
Forest and Svriss Lukes respectively. It is not, however, clear with wliat 
race or species these authors were dealing, since the species of this group 
recognized by Sars and Lilljeborg as distinct have not been generally 
admitted, and many writers have followed Schmeil in including all within 
the species C. strenvus . It seems certain that the three species C . lacustris , 
C. scuti/er, and ('. vicinus should be maintained. Whether C. abyssorum is 
sufficiently distinct from <7. strenuus as defined by Sars is rather more 
uncertain, but the evidence goes to show that if is a limnetic and cold-water 
representative of C. strenuus , which it is convenient to distinguish. It is 
readily distinguished from typical C. strenvus by the greater length of the 
antennm, of the furcal rami, and of the furcal setae. The much greater 
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relative length of the innermost seta in C. abyssorum is perhaps the easiest 
character by which the species may be separated, but Prof. Bars has 
enumerated a number of details wherein the species differ. It is to be hoped 
that Prof. Sars* limitation of these species will be followed, since it is most 
probable that they will be found to have different life-cycles and different 
habitats and distribution. The general adoption of Schmcil’s definition of 
C. strenuus has made comparison of statements with regard to these questions 
unreliable and indeed valueless. So far as published information goes, it 
seems that C. abyssorum is confined to northern lakes, and is absent from 
Swiss lakes, where apparently a form resembling C. scutifer takes its place. 

The Luke District species is undoubtedly C. abyssorum, though the form 
of the reeeptaeulum differs to some extent from Prof. Bars’ description and 
agrees more closely with that of C . lacustns. 

Those who (e.y. Graeter, 1908) accept the species (\ strenuus in its wider 
sense lay great stress on its variability, and it might be supposed, if their 
view is correct, that great differences would be found between individuals 
from different lakes. This is far from being the case. In general form of 
body — particularly in the expansion of the last thoracic segment — there is, 
so far as I can find, no appreciable variation. In size, in the length of the 
furca and the relative length of the furcal setae there are differences, hut 
they are not great. In Table 8 I have given measurements of individuals 
from seven of the lakes. These are, in the case of the first four, averages 
from ten specimens, but in the remainder of from two to six. 

It will be seen that the smallest specimens are from Wast water and the 
largest from Windermere and Grasmere, which is hardly according to 
expectation. Those from the “ primitive ” lakes agree in having the longest 
seta*, together with rather long furca, bnt the longest furca is found in 
Grasmere. The differences are, however, by no means sufficient to bridge 
the gap between ( \ strenuus and <?. abyssorum . 

It is rather remarkable that the colour of the Lakeland individuals is 
commonly a very pronounced yellow. The species lias not, in fact, at all the 
general appearance of a limnetic form, but rather of an inhabitant of ponds 
and ditches. 

Cyclops venvstus, Soman «$• Scott. 

Syn. C. crintlus, Graeter, 1008, 

Cyclops venvstus was described in 190G * from specimens taken from 
marshy ground on Exmoor. It has since been found by Mr. D. J. Scourfield 
on Exmoor and Dartmoor, and by me in the Bog of Allen, near Newbridge 
in Ireland* It appears to be a species confined to lime-free waters, and may 
be included among what may be called the Sphagnophil Entomostraca, such 
as A cantholeberis curvirostris, Chydorus piger , Moravia brevipes , etc. 


* i Crustacea of Devon and Cornwall/ p. 189 (London, 1906). 
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The description given by Norman and Scott is not altogether complete, 
inasmuch as no mention is made of the peculiar markings on the integument, 
which are quite distinctive, and the allusion to the swimming-feet as being 
similar to those of C . vernalis is misleading. It seems therefore advisable 
to supplement their description to some extent. 

The most characteristic feature of the species is the very pronounced 
crenulation of the margins of the abdo?ninal segments and (to u less extent) 
of the last thoracic segment. The surface of the integument of the thorax 
is marked by delicate strife which give it the appearance of being minutely 
wrinkled, while the surface, both dorsal and \entral, of the abdominal seg- 
ments is either striated or ornamented with lines of minute pits similar to 
those found in <\ diaphanus . These pits seem to run, at least on the dorsal 
surface, on the crest of low ridges, which can be distinctly seen in side view. 
The furcal rami are provided, as in (\ ciridis , with cilia on their inner 
margins, but these cilia are in groups and do not form a continuous 
fringe. Usually the anal operculum is very promincut. 

The swimming-legs differ markedly from those of ('. vernalis not only in 
their more robust form, but also in the number of spines and setfe on the 
terminal joint of the outer ramus (see Table 9). But (\ vernalis is subject 
to some variation in respect of the number of spines, and it is not unusual to 
find individuals with a spine-like formula of 3. 4. 4. 4. as in ( \ venvstus ? but in 
these cases the number of seta? is not increased. C. vernalis also resembles 
C. venuslus in frequently having the cuticle of the abdominal segments 
pitted. The two species arc, however, quite distinct, the form of the furca 
alone sufficing to distinguish them, apart from the differences in the form of 
the swimming-legs and the excessive pitting of the cuticle in (\ venuslus. 

The resemblance to C. eapillatus , Sars, is somewhat closer. The antenna* 
are 12-jointod in each species ; the form of the receptaculum and the 5th leg 
is closely similar, and the spine- and seta-formula of the legs is identical. 
On the other hand, the legs of C. eapillatus ure distinctly more slender, and 
the furcal rami much more elongated and smooth on their inner edge. 
Further, though the abdominal segments show a slight toothing of the 
posterior margins, this is not pronounced, and I have not been able to detect 
any surface pitting in specimens from Norway which I collected many years 
ago in the Romsdnl. 

There remains for comparison the species described by Graeter in 1908 
under the name of C. erinitus ♦ M. Ohappuis has been kind enough to send 
me a mounted specimen of this species, and an examination of this specimen 
and of the published descriptions of Graeter and ( Uiappuis convinces me that 
the two species are identical. They agree in the following characters, 
wherein they differ from most other species 

(1) Antennule of 12 joints. 

(2) Furcal rami short, slightly divergent, with groups of cilia on their 

inner edge. 
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(3) Median seta of tbe furcal rami of unusual length. 

(4) Outer seta of the t'nrca of half (crinitus) * or scarcely more than half 

(r enu&tus) the length of the inner seta. 

(5) Swimming-legs with the same spine- and seta-formula | — a formula 

only found otherwise in t \ capillatus , Sars. 

Graeter states that the abdominal segments are jagged and that the surface 
of the cuticle is pitted over the whole body, but I have not been able to see 
this in the specimen, owing, no doubt, to its transparency. 

Since Graeter’s name is later than that of Norman and Scott, I have 
therefore regarded it as a synonym of C . renusti/s. 

It is evident that, this species and C, viridis are very closely related, as has 
already been pointed out both by Graeter and by Chappuis, but they are 
certainly distinct. 

This species was found to be not uncommon in Sphagnum pools near 
Greendale Tarn and on Floutern Pass. 


Table 9. — Showing spines and seta; on last joint of the exopodite 
in species of the C. riWrfis-group. 


I.egl 


Cyclop* watt tins, Norm. &. Scott . . 3 o 

finm’fust GrneUir ; . . ■ 

nViVfot, Fischer - ’ 4 

,, vapilhtusy Sars 3 5 

vernality Fischer 2 - 4 , 

, t vernahx var 3 4 

wbuttus, Sara ; 3 3 



Sip a. cbystallina, 0. F. Muell. 

S. crystallina is a littoral species not properly, or at least generally, 
belonging to tho plankton, though frequently recorded as occurring in open 
water. In the Lake o£ Geneva, Lake Como, Lake Maggiore, and other 


* In the specimen which I have examined this seta is more than half the length of the 
inner seta, and so agrees completely with C. venustus . 

t In the specimen at my disposal it is impossible to count the spines and setce with 
certainty on all legs, I have given in the table only those which were beyond doubt. 
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large Swiss lakes, however, it appears to be a regular member of the 
plankton, and Burckhardt has described the form there found as a distinct 
species — *S. limnetica , characterized chiefly by the absence of a nuchal organ. 

In the Lake District it was found in small numbers in the majority of the 
collections fiom Derwentwater, so that it may probably be regarded as really 
limnetic there, wheieas the few recoids of it from Ba&senthwaite may bo due 
simply to migration from the littoral region. The same is the case with 
Estlwaite and Grasmere. On the other hand, my experience of night 
collecting in Ennerdale seems to show that this species, though remaining 
in the littoral region during the d«i) , may take to the open water at night. 
(See p. 422.) 

All the specimens from the Lake Distiict weie of the topical form, with 
well-developed nuchal organ. 

Holopedium gibbers, Zaddarh. 

The distribution of Holopodivm in the Lake Distiict is somewhat peculiai. 
It is recorded by Beck from Easedale Tarn (915 feet) and from Windermere, 
and it also occurs in Grasmere (l\ A. Buxton, Sept. 1912) and Ihdal Water 
(I). J. Scourfield). In Ullswater it was found in Sept. 1912 and on Aug 20, 
1920, but not in any other collection made by Dr. Pearsall In Eimer dale 
it was present in \er\ small numbers m three out of mhoii collections taken 
by him, but was abundant in my own collections in Sept. 1922. So far as 
is known at present it does not occur in any other lake m the distiict 

Easedale Tarn, Grasmere, Rydal, and Windermere form pait of the same 
drainage system. The fact that it has so rarely been taken in Winder mere 
muv possibly be due to its being occasionally cariicd into the lake, but not 
becoming established there ; but it is more probable that it is not uniformly 
distributed in the lake, and also that, being a deep-waiter form, it is not 
taken in surface plankton. In Ennerdalc it is fairly evenlj distributed in 
both shallow and deep parts, but it is rare on the surface during the day- 
time, preferring deep u ater. At night, how ever , it is abundant on the surface. 

This preference for the deeper lajeis of watei does not appear to he 
generally characteristic of the species, since Scheffelt (1908) states that it is 
found at the suiface at all times; but he also found it to bo unevenly dis- 
tributed and to occur in swarms. Lilljeborg notes the same thing in 
Sweden. 

It is generally regarded as a u Glacial relict,” being confine 1 to northern 
regions or to cold water. 

The genus Daphnia. 

The increase of knowledge of local and seasonal variation among the 
limnetic Daphnias has led to the general recognition that any division into 
well-defined species is impossible. All are therefore regarded as belonging 
to one species, l). lougnpina, within which an almost infinite number of 
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“subspecies/’ “varieties/ 5 and " forms 99 have been described. I do not 
propose to discuss the question of the systematic arrangement of these 
Daphnias, but it seems to me that the enlargement of the significance of the 
name /). longispina in this sense has serious disadvantages, and that the 
suggestion of Langhans that a new name, 1). variabilis , should be introduced 
to include the whole series of these variable Daphnias might with advantage 
be adopted. The question can, however, hardly be regarded as finally 
settled, and, for the present, it is more satisfactory to accept Lilljeborg’s 
longispina, hyalina , and cumllata , whilst fully recognising that the three are 
united by transitional forms. 

All the limnetic Daphnias of the lakes belong to the “ species 99 hyalina 
with its “ subspecies r galeata and laeustns . Beck has recorded the occur- 
rence of />. cue ul lata (under the name Hyalodaphnia beroliriensis ), but this 
species has been seen in the district by no one else, and it is probable that 
he was mistaken. Daphnia is absent altogether from Was fc water and 
JOnnerdaie Water, and apparently also normally from Batson tb waite. There 
are none from the latter lake either in Dr. Pearsall’s collections or my own, 
and Mr. Scourfield informs me that he also failed to find it there. On the 
other hand, Miss Pratt records both pub\r and D. longispina as occurring 
in April 1898, so that apparently some species occurs there at times. As 
Bassenthwnite receives the overflow from Derwentwater which contains an 
abundance of Daphnia , it is very remarkable that the same form should not 
establish itself in Bassenth waite. 

The distribution of the different forms of Daphnia in the district seems to 
hear little or no relation to the drainage system. While Bnttermere and 
Crummock, which were originally united into one lake, both contain the 
typical 7>. hyalina , which occurs in these lakes only, the Daphnia of 
Esthwaite is quite different from that of Windermere, into which Estlnvaite 
drains, and the same form, /?. galeata, inhabits Windermere and Coniston, 
which are not connected in any way. 

Daphnia hyalina s. str., in Buttermere and Crummock. 

In the form from these two lakes the front of the head is usually very 
nearly straight or slightly concave (text-fig. 3, A) ; but it is very variable, 
and may occasionally be distinctly convex as in If. pellucida . In a collection 
made on Aug. 27, 1920, several specimens were seen with the front of the 
form shown in text-fig. 3, B. An exactly similar variety is illustrated by 
Lilljeborg (1900, pi. xv. fig. 4) as “ forma mtivalis monstrosa 99 It is 
characteristic of the Crummock Daphnias that the shell-spine forms a con- 
siderable angle with the body axis — from 20°~40°. Although I regard this 
form of Daphnia as properly referable to D. hyalina s, str*, Lilljeborg, in ' 
some respects the population is transitional on the one hand to 1 ). lanistris 
and on the other to /)* pellucida, 

LINN. JOITRN. — ZOOLOGY, VOL. XXXV. 32 
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In a plankton sample of Sept. 1912 a single specimen was met with which 
obviously belongs to J), galeata (text-fig, 3, C). I do not think that this 
specimen can be regarded as a sport or mutation from D. hyalina , but. rather 
as an instance of the transport of an ©phippium from Coniston or Winder- 
mere. If' this be so it goes to show that these lakes are not so isolated as 
would appear, and that interchange of species is not infrequent. Tf, in spite 
of such interchange, the Daphnias inhabiting the different lakes remain 
distinct, it is evident that the local races are established by right of survival, 
and it leads one to suppose that, difficult as they may be to separate, yet they 
may represent fixed species. Our conception of species is determined mainly 
by our ability to discriminate individuals by fixed and measurable standards ; 
but not only are physiological differences largely ignored or are unmeasurable, 
but, two races separated only by minimal mean differences may be just as 
real specific units as those distinguished by obvious characters in all indi- 
viduals. Tho evidence goes to show that a single lake as a rule is inhabited 
by one race of limnetic Daphnia only, and, although within such a race 
extreme forms are commonly found, it is obviously of no use to give these 
variants names, as has frequently been done in the past. But, with that 
exception, it seems advisable in the present state of knowledge to recognize 
all well-marked races as distinct rather than to treat all as variants of one 
collective species. The question of real specific distinction cannot, I think, 
be determined by laboratory experiment, neither is the fact that the winter 
forms of a number of Daphnias can be shown to be morphologically 
identical prove anything more than close relationship. If the many 
forms of Daplmia are to be Regarded as variants of one species originating 
under the influence of external conditions, the reappearance in widelv- 
separated areas and under conditions which can hardly bo imagined to )>o 
identical of precisely the same form — e.g. J). galeata in Windermere and in 
Central Asia — is difficult or impossible to understand. It must be admitted 
that the whole problem of specific validity is raised by the genus Daphna in 
its acufest form, and is far from being solved. 

Daphnia lacustris, Sara. 

1. Esthwaite and Hawes Water. 

. The Daphnias of Esthwaite illustrate remarkably well the impossibility of 
drawing any definite distinction between the varions forms now grouped 
withiu the species J). longispina . While some individuals taken in Esthwaite 
in July 1921 wore indistinguishable from I), longispina forma rosea, having 
the crest interrupted over the eye and the general form of that species, the 
usual type of J>aphnia present in that and in other collections belongs to 
JK hyalina var. lacustris. I was at first, inclined to suppose that two distinct 
races were present, but the two forms grade so completely one into the other 
that they must be regarded as one. The outline of the head may be * 
completely rounded, or may show a scarcely noticeable dorsal angle, while in 
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others, and especially in young *specinifins, this angle is produced into a 
small papilliform projection. The crest is generally continuous over the eve, 
hut is often so inconspicuous as to be seen with difficulty, while sometimes it 
is interrupted as in /?. longi spina. 

An exactly similar Daphnia occurs in Hawes Water, but in such small 
numbers that 1 have not had much material For examination. Nearly all the 


Fig. ;i. 



A. Daph'iia hyolina from Orummock, 29.U.&L 'Apical form for the lake. 

Ik Daphnia hgulina from Orummock, iT.ff/JO. Head of female of LilljeborgV 
forma mtiwdi « tmmtrosa , 

(l Daphnia gakata from Orummock, 8ept. 1JJ1 l\ 

Ik Bos min a obtusirwtm from Wa^t water, 30. {).:#. 


specimens seen have the head quite rounded, but occasionally there is a 
slight trace of the dorsal angle so often seen in Esthwaite specimens. 

This form seems to be the same as that which is found in Loch Leven and 
Loch Lomond in Scotland, and was described by Richard (1896, p. 307) as 
la&Mtris var, vicina } with the exception that the posterior spine in the 
Lake District form is usually directed more or less dorsally. 
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Burckhardt's J). hyalina forma lucernmsis from the Lake of Lucerne is 
evidently the same variety. In one individual from Esthwaite the dorsal 
projection of the head is denticulate as figured by Burckhardt for his forma 
jurassica. 

Derwentwater. 

The Daphnias from Derwentwater rather closely resemble IK hgalina s. str., 
but should, I think, rather be included in I). lacustris by reason of tbe 
concave front and rather higher head. The dorsal angle characteristic of 
the form from Esthwaite iind Hawes Water is occasionally, but very rarely, 
seen in Derwentwater. 

Daphnia galeata, Sars. 

Tbe typical form of IK galeata occurs throughout the year in Coniston, 
Windermere, and Ullswatar, being most abundant in the former. Although 
Dr. Pearsall’s samples cover every season in the year, I have not found 
ephippial females in any of them, so that the species appears to be acyclic. 
The same appears to be the case with the I). lacustris of Esthwaite, Hawes 
Water, and Derwentwater, but in Orummock and Buttermore there is a 
distinct sexual phase in D. hyalina in October, though, even here, the species 
persists through the winter. 

Daphnia — Seasonal Variation. 

The material at my disposal does not admit of any positive statement with 
regard to seasonal variation of form, but such variation is very slight if it 
occurs at all. With regard *to D . galeata , in which it could most easily be 
detected, I have found on the one hand crests equally as high in winter as in 
summer, and individuals with a quite round head in July and August. I 
have no doubt that a small variation of head-form, and of si ze of body, could 
be shown statistically with sufficient material, but the variation is certainly 
not so pronounced as to be appreciable to the eye. 

In this respect also the plankton of these lakes differs markedly from the 
Danish and Central European lakes, and approaches the northern type. 

Bosmina ortusirostris, Sars. 

The identity of the northern races of B. coregoni with those occurring in 
the alpine lakes is now established, and, according to lluhe, the united species 
should be known under tbe name of B* coregoni-longispina. As, however, 
the name B . longispina has generally been used in a more restricted sense, 
and is so used by Lilljeborg, and as the name B. obtusirostris has been 
universally used for the northern forms with short macro, J prefer to retain 
it in Lilljeborg’s sense. 

in the Lake District this species occurs, often in great abundance, in nearly 
all the lakes. Its apparent absence f rom Butterxnere may be due to the fi^t 
that the collections were made from the shore only \ but, although asiagle 
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specimen was found in Bassenthwaite in October 1921, it is certainly not 
established there. 

It would be of interest to ascertain if there are any constant differences 
between the Bosminas of the different lakes, but this can only be done satis- 
factorily by measurements of large numbers of specimens carried out on the 
system laid down by Burckhardt, and my material does not admit of such 
treatment, since the necessary number of well-preserved specimens is not 
available from all the lakes at the same seasons. Since there is very great 
variability within the population of a lake with regard to length of antenna 
and of mucTO, the selection of single individuals for measurement or 
illustration is likely to be misleading, but it is not entirely without value. 


Table 10. — Measurements of single individuals of 
JJosmina obtusirostru f. 



Date. 

! 

Length. 

Shell. 

Length. Width. 

1 

Length | 
of ! 
HiiteiniH. 

Length 

of 

mucro. 

Windermere 

21. vii. 

•03 

743 

784 

310 

81 

Hath waite 

3. is. 

•0 

720 

71^ 

328 ■ 

96 

Derwentwatcr . . . . 

17. v. 

•64 

703 

750 

390 

93 

jUllswater 

1. vii. 


753 

753 

430 

92 

j Hawt** W liter .... 

11. vii. 

•6 

71 0 

783 

333 

00 

j Coni a ton 

5. vii. 

•08 

700 

647 

404 : 

110 

Ennerdale 

28. iz. 

*00 

712 

788 

393 j 

45 

Wastwater 

SO. ix. 

*92 

717 

706 

543 ; 

152 

Crum mock 

J2. vii. 

•80 

707 

752 

505 : 

123 

Floutern Tarn .... 

27. ix. 

•52 

711 

71 i 

327 | 

38 

Goats Water 

3. x. 

*53 

754 

717 

490 j 

» 

19 


and a table of measurements of individuals chosen as being so far as could 
be judged typical of the population is here given. The example given from 
Esth waite is above and that from Ennerdale below the average size, but 
typical of form. This table shows that the Bosminas of the two primitive 
lakes Crutumock and Wastwater are not only very much larger than all 
others, but have longer mucro and antenna (text-fig. 3, D). On the other 
hand, those from Ennerdale, which might be expected to be similar to those 
from Wastwater, are, in fact, conspicuous for their very short antenna and 
mucro and are not particularly large. Herein is another strong point of 
difference between these two apparently similar lakes. In the remainder 
of the lakes the differences shown between the Bosminas are not, I think, 
outside the limits of their ordinary variation within a single population. 
The specimens from Floutern Tarn and Goats Water are not only the 
smallest, but have the shortest mucro. 
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For the reasons given above I have also been unabtS to stiyjly tbe Veasoifal 
variation. I have* it is tree* made an attempt to do so wfth material from 
Ooniston, but the numbers available and sufficiently well preserved u?e not 
enough to give a satisfactory result. They tend to show that there is w 
variation* but that it is very small 

The species is found at all times of the yoai, and, except in Wastwater 
and the tarns, there seem to be no pronounced sexual periods. JSphippial 
females have been seen in collections from Windermere (Sept and Oct. 1921), 
Orummock (Oct. 1921), Derwentwater (No\. 1921), and Wastfrater (Sept, 
and Oct. 1921 and 1922). In Wastwater alone do ephippmi females form 
any considerable proportion of the population. On Sept. $0 r 1922. 31 per 
cent, of females were ephippial, but not a single male was seen. In ('onislon 
and Tills water there seems to be no sexual phase. 

BoSMINA LONGlUOSTRlb, (K 1\ Mitel 1 

This species only occurs in Esth waite ami Giasmere, Inith being lakes of 
the “evolved” type; but, whereas it appears to be the only specie* ot 
Bnsmma in Grasmere, in Esth waite it is found in vompaxi} with /i. obtusi- 
robtrisy an unusual association which is also tound in Lough Neagh and has 
been commented oil bj Dakin and Lat niche. 

Miss Pratt states that it was common in Bassenthwaite in 1698, but it was 
not found in any of Dr. Pearsall’s collections from that lake. Miss Piatt’s 
list of Crustacea from Bassenthwaite difteis in so main lespects tiom lm 
own that one can only conclude that conditions must have changed \en 
greatly since 1898. * 

The Esthwaitc form is quite typical* but in Sept. 1921 the antenna: oi the 
adults were found to be unusually shoit, aud many were eien of the lorm 
described by Lilljeboig under the name of B. bremorm a Hellich. It 
appeared m the collections first in April and increased in nuinlicis till June. 
In July numbers decreased, and in August it was very rare. In September 
it was again present in abundance, aud large numbers ot females boro 
ephippia. It was not tound in collections made m Octoboi and November. 
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Some Protozoa from Hie Soils and Mosses of Spitsbergen. Results 
of the Oxford University Expedition to Spitsbergen, No. 27. 
By H. Sandon. ((Communicated by D. Ward Cutler, F.L.S.) 

[ From the Protozoology Department, Ifothamsted.] 

(Plate 24 and U Text- figures.) 

[Read 7th June, 1923.] 

The protozoal fauna of Spitsbergen and of the neighbouring lands is in 
some respects already fairly well known. As far back as 1869, Ehrcn- 
berg (14) identified four species in material brought back from there, and 
more recently Scourfield (29) and Penard (23) have published extensive 
lists of collections from Advent Bay, Green Harbour, and Amsterdam Is. 
The establishment of a biological station on the Murmansk coast enabled 
Awerinzew (2 4) to carry out investigations of the protozoa of that region, 
and his collections extended as far as Bear Island, the southernmost island 
of the Spitsbergen Archipelago ; while Mcreschkowski (19) and Levander (18) 
have also identified numerous .-pecies from the northern parts of Finland, 
Russia, and Siberia. Scourfield, Penard, and Awerinzew, however, confined 
their attention entirely to the inhabitants of mosses, and in particular to the 
testaceous rhizopods, and none of the authors since Ehreuberg have investi- 
gated the soil-dwelling forms, ft has recently been shown that in temperate 
lands protozoa inhabit the soil in such large numbers that they must play an 
important part in the activities of the soil (see especially 12) ; and a 
knowledge of the soil protozoa from localities subject to extreme climatic 
conditions therefore assumes considerable interest, not only in relation to the 
general ecological problems of tlio«e regions, but also because of the light it 
may be expected to throw on the influence of climatic conditions on the soil 
organisms. 

The material kii ilv placed at my disposal by the members of the Oxford 
University Expedition consisted of three samples of mud from the brackish 
pools near Bruce City described by Walton (33), five samples of soils from 
various localities, and fifteen samples of mosses; and the supplementary" 
expedition of 1922 also brought back three samples of soil. The soil samples 
were all packed in tightly-fitting tins which had previously been sterilised 
by heat, and the mosses had been dried and sealed up in envelopes. 
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Methods. 

Cultures were made from all the samples on plates of nutrient agar, in 
sterile tap-water, and dilute hay infusion, and were examined at intervals for 
three or four weeks. For detecting rhizopod tests, soil or moss was taken 
from the tap-water cultures after a few days, spread out on a glass slide 
and examined with a low power, the mosses being first teased apart with 
a needle. 

Results. 

1. Mud. 

These samples gave very disappointing results, possibly owing to excessive 
heat having been employed during drying. Heteromita globosa was found 
in all of them, and Sainouron mikroferon (n. g., n. sp.) (see Appendix) in the 
mud from pond 5, the least saline of the three. Since the members of the ex- 
pedition recorded the presence of pcridinians in some of these ponds, cultures 
in Miquefs solution (1) were made at the kind suggestion of Dr. E. J. Allen 
in the hopes of obtaining growths of these organisms, but, again, only tin* 
ubiquitous Heteromita globosa and some diatoms were found. 

In his notes made on the spot Mr. Elton records that Croglena volvox was 
very abundant in all the ponds in this district, and that there were also found 
flagellates belonging to the genera Euglena and Glmndinmm , and ciliates 
probably belonging to the genera Vorticella , C archesium , Eih'ptvs, J*rorodoii y 
and Colpoda . He makes the further interesting observation that whereas in 
the Bruce City ponds, which were fed with drainage wafer from limestone 
hills, Uroglena was very abundant, at Cape Bohemian, where the pools were in 
sandstone, this species was absent, and its place was taken by large numbers 
of Synura uvella and of pcridinians. From the latter region his records also 
include Glenodinium sp., Euglena sp., and three ciliat.es, probably Spathidium , 
Nasmla , and Ophri/dium. 

2. Soils. 

As will be seen from the accompanying table (pp. 456-457), the 1921 soil 
samples form an interesting series. Apart from rhizopod shells, soil I 
yielded only two species, and in fact three out of the six cultures made from 
this sample were completely sterile. The number of species recorded from 
sample 5, on the other hand, is quite comparable to that which would be 
found in any British farm or garden soil, while the other samples fall between 
these two extremes. Soil 1, however, contained great numbers of empty 
rhizopod tests belonging to six different species, whereas in the other samples 
these organisms were much less abundant. 

An attempt was made to connect these striking differences with other 
characteristics of the soils. The bacterial numbers, counted as they were 
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after tlio soil had boon sealed in tins for some months, are of course no 
indication of the actual number of bacteria in the soils at the time when the 
samples were taken, but for purely comparative purposes they no doubt 
correspond to real differences in the bacterial population of the soils. The 
chemical and physical properties of the soils, however, throw no light on 
these differences. The high numbers of organisms found in soil 5 may be 
attributed to the sea-birds* droppings with which it was manured; but, on the 
other hand, soil 4 was similarly manured, and yet yielded fewer organisms 
than soil .*1, which was practically free from humus. The abundance of 
rhizopod tests in soil 1 corresponds closely with what is found in peaty soils 
elsewhere (20). It is possible that this does not really indicate a larger 
active population of these organisms than in other soils, but is due simply to 
the fact that in a soil, where microbial activity is small, such tests, coming 
either from animals living in the soil, or being brought down from the 
mosses etc. growing in it, disintegrate more slowly than in other soils, and 
so accumulate in considerable numbers. 

The 1922 -a in pies were examined in a fresher condition than those of the 
previous year, and on the whole yielded a considerably larger number of 
living species. The good results obtained from sample 5 (1921), however, 
seem to indicate that these curlier samples had not suffered appreciably as a 
result of storage, and the difference in the results obtained from the two sets 
of samples probably therefore corresponds with an actual difference in the 
population of the soils in situ. Sample 3 (1922) was taken with a view to 
confirming the results obtained from sample 1 (1921), in which both bacteria 
and protozoa were so exceptionally few'. Unfortunately it was not possible 
to bring soil from the identical spot, and although the localities from which 
the two samples were obtained appeared very similar and supported a similar 
type of vegetation, the analysis given in the table (p. 456) shows that the two 
soils are not really comparable. 

The abundance of protozoa in samples 1 and 3 (1922) is of particular 
interest, in view of tlu? high acidity of these soils. Such results, however, 
arc not unique, for an active protozoal population 1ms been found by 
Mile. Perev in the soil of one of the Itothunisted experimental plots for 
which the pH is 3 65; and S. M. Nasir (in some unpublished work also 
done in this laboratory) has found that in artificial cultures active flagellates 
can tolerate a pH of 4*5, active aimebic a pH of 3*9, while ciliat.es can 
grow even when the acidity is as high as that represented by a pH value 
of 3-5. 

3. Mosses. 

Twelve o£ the samples came from Klaas Billen J3ay, ami were composed of 
the following mosses : — Ilypmtm (5 spp.), Cindidium slypium, Orthothenum 
chry&emu Swartzia montana , Bryum spp., Camptotherhnn nitens , Grimmia 
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vommutata , and Brachytliecium salebrosum . Most of the samples were com- 
posed of a mixture of two or three of these mosses. The remaining three 
samples came from Prince Charles Foreland, and were composed of 
1 iharomitrium lamigino&um , li. canescens vnr. ericoides , and Vicravum 
groenlcmdicum . 


Flagellata. 

Cevcommas crassicauda Alexei off. In 3 samples from Elans ( and in 0 samples from Prince 

Billen Bay, ( Charles Foreland. 


Oinomonas termo Kent 

9 

- *» »» tt 

„ 1 

99 

19 


Heteromita ylobosa Stein 

11 9, »• 

.• 2 

11 

99 

99 

„ lens Muller 

1 «• f, ». 

„ o 

•• 

99 

•9 

Spiromonas angusta (I)uj.) Kent. „ 

I *• 9f •« 

„ 0 

*9 

*9 

91 

Helkesitnastir fcecicola Wood- „ 
cock & Lapage 

1 

.. 0 

1* 

*. 

'• 

Pht/llomitus sp 

1 

.. o 

99 

91 

M 

Anuonema minus (n. sp.) 

1 

.. 0 

•* 

It 

If 

Eat a siphon sulcatum (Duj.) Stein 

1 

.. o 

99 

t» 

*1 

Sain .unm oxn (n. g., n. sp.) , 

9 

w M *1 •» 

.. Ip) 

•1 

M 

M 

Allantion lachyploon (n. g., n. sp. ) ., 

9 

- »• y, *9 

.. o 


•f 

ff 


Most of these species are identical with those found in the soil samples. 
This is perhaps not surprising, ns most of the mosses had a certain amount of 
soil clinging to them, and no attempt was made to remove this before making 
the cultures. Hence it is impossible to say whether the organisms found 
naturally inhabited the surface of the moss plants or the soil in which the 
latter were growing. 


Bhizopoda. 

Uarlmanella hyalina Alexeieff . . In 3 samples from Klaus | and in 

Billon Bin, | 


Amtvba limicola Rhumbler .... 

„ i 

• I 

1 1 

9* 

Sp. a (Cutler, Cruinp,& Sandon) 

„ i 

V 

1i 

11 

Amoeba vespertitw Penard 

„ i 

!' 

.. 

»• 

„ terricola Greef 

i 

fl 


99 

,, striata Penard 

H‘rJ) 

•1 


„ 

„ actinophora Auerb 

.. 1 

9* 

?» 

*1 

Coryciajtava Greef 

„ 1 

ii 

iy 

?• 

„ coronata var. simplex 

[Penard 

„ 1 

tf 

ii 

11 

Difflugia pyriformis Port v 

» 

19 


11 

„ fallax Penard 

„ 7 

ft 

ii 

11 

„ globulus Duj 

„ c 

9t 

ii 

11 

„ hmda Penard 

„ 1 

.* 

91 

91 

„ constricta Ehrenb 

11 

M 

11 

It 

Cent ropy xis aculeata Stein .... 

c 

9i 

11 

91 

„ Ice vi gain Penard . . . 

8 

99 

If 

9 1 

Amelia vulgaris Ehrenb 

» 8 

99 

If 

11 

H arenaria Greef 

.. 1 





0 samples from Prince 
Charles Foreland. 


0 

0 

K?) 

o 

0 

0 

] 

0 


M 11 

V* 

«• (• 

M «9 

*1 »" 

'» »» 


0 

1 


8 

0 

3 

0 

0 

0 

1 


»> 

*» 

»» 

»» 

n 

fl 

*» 


•* 

It It 

»• It 

V ft 

9t »1 

» 19 

99 •» 

» 99 

99 99 
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Nebela collaris Leidv 

In 

6 samples from Klaas ( and in 
Billen Bay, f 

0 samples from Prince 
Charles Foreland. 

Quadruki irreyularis Archer . . . 

»» 

8 

I* M «i 

0 

■« >» ii 

Ewflyphu ciliata Ehrenb 


4 .. 

«» V »« 

0 

»• »» ii 

„ striyosa Leidy 

•» 

1 „ 

v r i> 

0 

i* »• i? 

„ var. glabra 


1 

ii •> •» 

2 

»i it i • 

[Wailes 

„ Items Perty 

n 

1Cr») „ 

>i .. ‘ X 

1 

?» »i »i 

., tuber cu lata Duj 

it 

o 

•i •« i • 

1 

ii y y 

Asm Una mmcorum ( rreef .... 

ii 

0 „ 

•• ii ii 

2 

•i ii ii 

Cyphodena fip., Sclilumb 

ii 


•* •> i' 

0 

4. 

Campatcus (riquetcr Penard .... 


a 

• • •> 

0 


Tr invm a enchelys Ehrenb 

.. 


f •’ X 

0 

.. .4 |> 

„ ,, var. yaleata 


i 

4. .. ■) 

0 


[Pena rd 

,, complanatnm Penard . . 

V 

J 

*• >• M 

2 

4, 

„ linetire Ponaril 

, 


*1 '• 

1 

11 11 «» 

Corythion dnbium Taranek 


a 


2 

»• 11 1* 

Cklamydophrys stercorca Cicnk. . . 

11 

i 

1. «1 *4 

1 

*1 ** 1* 


Ciliata. 

Of the sample-* from Klaas Billen Bay, six contained Colpoda cuculltts 
O. F. Muell., two contained Ualantiophorus minutns Schew., and the following 
forms occurred in ono sample each : — Ualantiophorus donyatus Schew., 
Ulepharisma laferita Ehrenb., Cydiditnn ylaucoma Ehrenb., Enchelys sp.. 
(Kn/tridui sp., Stylonydiia sp. In the soils from Prince Charles Foreland 
only Colpoda nmillus 0. F. Muell. was found. 


Discussion. 

(1) The Influence of Arctic Conditions on Protozoa . 

Previous investigators have differed considerably as to tin* influence of 
arctic conditions on protozoa. Although the ubiquity of most of the com- 
moner fresh-water and moss-dwelling species is well known, it is rather 
difficult to believe that the same species can live in arctic as in temperate 
and even tropical lands without showing some local peculiarities. It was 
perhaps this consideration which led Ehrenberg (15) to create new speeilic 
names for the rhizopod shells obtained from Greenland, which names have 
since apparently all been discarded. Scourfield (29) remarks on the numbers 
of abnormal tests (especially in the species Euylypha ciliata and Sehela col- 
laris) found in his Spitsbergen material, and Penard (26) similarly comments 
on the tendency to produce deviations from the type in the rhizopods from 
the still more extreme regions of the antarctic. On the other hand, w hereas 
Penard’s antarctic specimens were mostly smaller than the average (espe- 
cially in the genera Assulina, Corycia, Corythion , and Euylypha ) , Awerinzew (2) 
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found that tests from north polar regions were on the whole larger than the 
average. 

The present investigation throws little light on this question. Several 
species (e.g. Arcella arenaria , Trinema complanatum) included some 
exceptionally big specimens, but others were on the average rather below 
the normal size ( CentropyAs a culeata, C. hnirjata^ Nebela collaris). Obser- 
vations of this kind are, however, very inconclusive unless based on statistical 
data ; and as no such data from temperate regions are available for com- 
parison, tliero was no point in devoting time to obtaining them from the 
present material. It seems, however, fairly certain that there is no general 
tendency to either a larger or a smaller size in the Spitsbergen rhizopods, 
and that none of the species found formed any distinctive local varieties. 

(2) Species recorded . 

The rhizopods commonly found living on mosses have been divided by 
Penard (24) into two groups which he calls respectively “ formes bunnies M 
(i. e* forms commonly found in mosses but not especially adapted to such 
a life) and “formes earaeteristiquos " (/. e. forms specially adapted to 
living among mosses and rarely found elsewhere). The former group 
contains 2(> species, of which 21 have now been recorded from Spitsbergen ; 
but of the second group, only 2 out of 17 have so far been found there, and 
one of these is Anuria terrirola , which seems out of place in tins classifica- 
tion, since, so far from being specially adapted to li\ing among mosses, it 
occurs frequently, as its name implies, in soil. The absence of the “ formes 
caractcristiques ” is probably due in part to the fact that they include 
a number of naked anuebie which do not. normally form cysts, and which 
therefore may have been present in the moss when it was collected, but died 
before the samples were examined. 

Levander (18) and Heinis (16) have already drawn attention to the dose 
similarity existing between the rhizopod fauna of the high latitudes and 
that of the high altitudes of the European Alps, as recorded hy Zschokko 
(37), Daduy (13), and Heinis (16). The present investigation completely 
confirms this analogy, hut unfortunately the data available do not appear to 
be sufficiently complete to extend it to other groups of protozoa. The 
generalisation that Heinis makes with respect to the high Alpine protozoa, 
however, seems to apply equally to the Spitsbergen records : namely, that 
the severity of the climate does not result in the occurrence of local species, 
but 'simply eliminates the less adaptable forms, with the result that the 
population is composed of the most cosmopolitan forms. The possibility of 
the existence of true arctic species is, however, not entirely ruled out by these 
considerations (except in the testaceous forms), since such species, if they 
exist, may have died out completely before the material could be examined. 
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One new flagellate is described which does not seem to have been recorded 
elsewhere, and it is possible that some of the organisms which occurred in 
the cultures in too small numbers to be identifiable may have represented 
other new species. 

The ubiquity of these moss- and soil-dwelling protozoa has an additional 
significance, since they have no means of avoiding the extremes of tempera- 
ture or of moisture to which they are exposed. Planktonic organisms can 
avoid extreme heat or cold by sinking to greater depths, and worms, many 
insects, etc., can similarly burrow to more equable layers if the surface of 
the soil becomes too hot or too cold except, of course, in regions where 
the snb-soil is frozen. But such vertical migrations of the land-living 
protozoa, if they take place at all, must be very much more restricted, 
and the wide distribution of these organisms must therefore indicate 
a wide range of tolerance of external conditions on the part of the 
organisms themselves or of their cysts (though resistant cysts are not at 
present known tor all the creatures in question}. There remains the possi- 
bility of the existence of physiological strains differing solely in their powers 
of resisting extreme conditions. This is, in fact, very probable, since many 
unpublished observations made in this laboratory have demonstrated the 
presence in tropical soils (Egypt, East Africa, West Indies, etc.) of species 
identical with some occurring in Spitsbergen, which therefore in natural 
conditions tolerate a wider range of temperatures than is possible in 
laboratory cultures. 

The identity of the protozoal fauna of Spitsbergen with that of temperate 
lands is strikingly paralleled by the observations made bv Uarthel (5) on the 
soil bacteria of Greenland. Au examination of soils collected by the 
Rasmussen Expedition from Disko Is. (Lat. 70° N.), from Cape York (Lat. 
76° N.), and from the extreme northern coast showed that these soils, just, 
like ordinary European soils, are capable of initiating the processes of 
nitrification, denitrification, ammonification, and fermentation of urea ; and 
though nitrogen fixation was not definitely proved, there was some evidence 
of its occurrence. These results would no doubt apply equally in the 
somewhat, milder climate of Spitsbergen. Thus all the evidence at present 
available points to the qualitative identity of the microbiological activity 
of soils from Spitsbergen and from temperate lands. As to the quantitative 
aspects of the question, observations made on the spot would be essential. 
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Sample. 

1 1 

1 

Locality. | Description. 

% dry 
matter. 

%Nin 

dry 

matter. . 

% low 
on 

ignition. 

1921. 1. 

Low hill near Black peat contain- 
coast, Prince ing roots, etc. Dry 

Charles tundra vegeta- 

Foreland. tion (tiilene, Sal U, 

mosBca, etc.). 

90-1 

; 1-53 

1 

I 

51*9 

2. 

Klaas Billen 'Fine black loam 

Bay. i from roots of 

| Andrumrdu. 

94-9 

: 0-75 

' 

' 

27*9 

3. 

Klaas Billen Stony calcareous soil 

Bay. ' from roots of Dry ax; 

; practically no humus 
. but much dry plant - 
1 remains. 

j 

98-9 

, 0*152 

. 

: 

, 

32*8 

4. 

Moss plain be-' Damp mossy peat, 
low Vogel Hook much manured by 
(Pr. Charles sea -birds’ droppings., 

Foreland). 

88-4 

2*85 

, ( 

i 

! 

1 

09*5 

5. 

Vogel Hook. Fine brown peat, 

’ much manured by 
j sea-birds’droppiugs. 

i 

! 

i 

i 

91*2 

a-47 j 

i 

! | 

i 

47*3 

1922. 1. 

Grassy slopes |?he grass here is . 
on bird cliffs, more luxuriant than' 
Green Mt., Ice anywhere else on 1 
Fiord. j the island. 

I 

48*6 

i 

__ i 

j 1 '-185 j 

I 

1 

! 

1 i 

i 1 

1 ' 

i 

1 

38-04 

2. 

Boggy patch on Vegetation 
hillside at ; Sphagnum etc. 

Advent Valley, i 

Ice Fiord. ! ! 

1 

441 

0*440 

l 

| 1 

22*42 

3. 

Dry tundra at Vegetation Dry as, 
foot of hills, Salix polarwySilme, 
Advent Valley, etc. Well-rotted 
mould. 

i ■ 

i _ ' 

79-71 

J 

0*378 

i 

i 

i 

13*82 
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J No. of 


pll. I bB0toria • Flaukllata. 

1 i per gramme 

| (millions). 1 

ClLlATA. 1 RlUZOl’OUA. 

j , 

i 

1 

ti-3 1*3 

Iieteromita Lena. 

Colpoda cue n tins . Diffiugia globulus, I), con- 

st ricta, Euglypha l see is, 

. Ass a Una mnscorum, , 
i Hyalosphenia minuta. 1 

: i 

7*2 4*87 

( Hcomonus termo, 
HetcromUu globoaa, 
Ceiromonas sp. 

Bala alio pi tor us mi- Avar bo radio so , Diffiugia 
iiutu h, V role pi us cunstricta, Centropyxis 

rtwbihs , and an Iwriyatn, Quatlrula 

unidentiiiod specie*, irregularis. 

8*0 1 2*05 

Htderomita globosa. \Col/Htda cue till vs , Diffiugia cunstricta , 
Cryptumonas j Cydidium ylan - Diffiugia up. 

ol)o wide*. j coma , Plenrotrirha 

1 sp., Vorticella i 

| microstoma . . 

1 

<W» 0*25 

go 

Hct a rum i la globoaa , 
II. lens. 

Colpoda rncullus, Anveba limaj , A. radiosa. 
(fonostomum affine. . A. terncula, Diffiugia . 

| globulus, D. const ricAit. | 

Oicomona* termo, 
Heterumita globoaa, 
H. lens, Cercomonas 
rrassicauda, Htlke- 
si maatix faec icolu , 
Copi'omona* Hp., 
Vladomonas fruti - 
coaa. 

Colpoda cucullus , ^ Dinut at tganurba gruberi, 

Vronenui sp.. Ch.y- Hartnuinella hyaline , 
trieba pcllionella, , A. diploidea, A. terri- 
Blepharisma cola, A. sp., Kurlearia 

laterita , and one simples. Chlamydophrya > 
unidentified species, atercorea , Diffiugia ylo- 
■ buhis, D. constricta, 

, Cent ropy xis laevigata , 
Euglypha striyosa . 

3’0 Oicomona s termo, 

Iieteromita globoaa, 
lent, 

Cercomutias Bp. 

i 

i 

i 

Chilodon cnculhtlus, Amaba Umax, A. radiosa," 
Enchelys (probably A. diploidea, A. terricola,, 
E. farcimen), Vorh- A .a ci i nophara . A T ndea ria ; 
cella microstoma , simplex:, Chlamydophrya > 
Ocytricha pelt ion- slerr.orea, Trinema ; 

ella, and 3 unidenti- lineare , Diffiugia con - j 
lied species. stricta, D. globulus, 

D. fallax. Nebcin lageni- 
forrnia, Euglypha sp., 
Assulina mnscorum. 

GO 

Oicomonaa termo , 
Heteromita lens, 
Cercomouas Bp., 

Sp. t. 

Enchelys ^probably 
E. farcimen). 

Amoeba Umax, Trinema 
lineare , T. enchelys , 
Diffi ugia const ricta , 

D. globulus , Euglypha 
striyosa (forma glabra ). 

i 

A 

Oicomonaa termo, 
Heteromita globoaa , 
H. lens, Cercomouas 
up., Phalansterium 
solitarium , Spiro - 
monas angmta, 
Petalomonas an- 
gusta , Allantion 
tachyploon, Ani- 
aonema minus , 

Cydidium glaucoma 
and 2 unidentified 
spocies. 

Dimastigamaba gruberi, 
A. radiosa , Actiiwphrys 
sp., A. diploidea, Tri- 
nema lineare , Diffiugia 
canst ricta, Euglypha 
Imvis , Assulina mus- 
corum. 
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APPENDIX. 

Notes on the Species found. 

l. Flagellata. 

Cercomonas . — This is one of the commonest of soil Flagellates. The usual 
species is C. erassicauda Alexeieff, but the specific characters are not very 
well defined, and other species sucli os C. longicauda may ulso have been 
present in some of the cultures. 

Ifeteromita.— This genus is extremely abundant in all soils, commonly 
occurring in two form 9 which agree closely with the description of H . lens 
Muller and If. globosa Stein (see especially 35). The former is a small 
organism, lenticular in shape and from 4 fi to 6 fi in length, though some- 
times very small globular individuals occur only 2 /a or «3 fi in diameter. A 
pair of flagella arise at the anterior end, one directed forwards being about 
twice the body-length, and the other, which is normally trailed passively, 
being a little longer. The nucleus is not visible in the living animal, and 
the contractile vacuole is also not usually apparent, but when present lies 
just behind the middle. When swimming the body is turned at a sharp 
angle to the direction of motion, and the anterior flagellum lashes vigorously 
through a wide amplitude. At times the tip of the flagellum adheres to the 
glass slide, and both flagella wave actively, so that the animal jerks vigorously 
from side to side without progressing. When stained with haematoxylin a 
typical vesicular nucleus appears surrounded by a dense mass of peripheral 
chromatin, especially at the posterior side. The cyst is small (diameter about 
4/0, thin-walled, and usually homogeneous in structure, though sometimes 
the protoplasm appears concentrated round the wall, leaving a vacuole in the 
centre, to one side of which there may be a small retractile granule. 

Ueteromita globosa is larger (length 8 fi to 12 /*), and more variable in 
shape. Usually the anterior end is rounded and the posterior end slightly 
narrower, but sometimes this is reversed. At times the protoplasm becomes 
quite plastic at the posterior end, which may then adhere to the glass slide 
while the anterior part moves round slowly in circles owing to the move* 
ments of the anterior flagellum. In this condition the hinder part may 
become drawn out into a long tilament before the animal breaks free. The 
flagella arise together just behind the anterior extremity, the shorter one 
being about equal to the body-length and directed forwards, while the other, 
which is usually trailed passively, is about 1£ times as long. A nucleus is 
dearly visible near the anterior end, and when stained shows much less 
peripheral chromatin than in H. lens. The contractile vacuole is central. 
The movements of the body are vibratory; it is not turned ontwards 
so sharply as in H. lens, and the anterior flagellum lashes through a smaller 
amplitude. The eyst lias a thin enter wall which is usually raised a little 
from the thicker inner wall. The protoplasm of the cyst is hyaline, apd eon* 
tains a large very retractile granule against which is a big vacuole. This 
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cyst is well figured by Puschkarew (27), but the two walls are always separable, 
and the granule and vacuole are sometimes poorly developed or even absent. 

Though these two species seem quite distinct, apparently intermediate 
forms both of the active and encysted stages are frequently found, the identi- 
fication of which is very difficult, and in cultures of either species a few 
abnormally large or small individuals are usually found which might be 
mistaken for members of the other species. Until conclusive observations in 
pure cultures have been carried out, there consequently remains a doubt 
* whether we are actually dealing with two true species or with two extreme 
forms of a single very variable species. 

Sainouron mikkoteron * (n. gen., n. sp.). (PL 24. figs. 1-6.) 

A brief description of this organism under the name of »Sp. y has already 
been published (12). It is a small flagellate from 3 fi to 6 fi in length with 
a single flagellum, slightly longer than the body, which arises just behind the 
anterior end and is directed backwards. The anterior end is rounded, and 
usually the body is slightly crescent-shaped (tig. 2) (the side from which the 
flagellum arises being slightly concave) and tapers somewhat towards the 
posterior end. In these specimens the maximum width is about half the 
length or less, but sometimes individuals occur in which the posterior end is 
swollen, and the side from which the flagellum arises is sigmoid in outline, 
the concavity being limited to the anterior end. In normal cultures the 
shape is quite persistent, but in the deeper parts of hanging-drop cultures 
plastic individuals sometimes occur adhering to the glass slides (figs. 4, 5). 
The plastic individuals contain ingested Imcteria, which are absent in the 
normul free-swimming form, the nutrition of the latter being apparently 
wholly saprophytic. The nucleus is not visible in the living animal, probably 
owing to its small size, aud no contractile vacuole has ever been observed. 

The movements are very like those of a small Ueieromita , since the 
flagellum is trailed quite passively while the animal progresses at a con- 
siderable speed with a rapid vibratory motion, the body being turned at an 
angle of about 20° to the direction of motion. The progression is in a 
straight line (not spiral), and the animal does not turn on its axis as do most 
organisms which possess an anterior flagellum. 

When stained, a large vesicular nucleus becomes visible in the anterior 
part. The basal granule varies considerably in size and position, at times 
lying against the anterior side of the nuclear membrane and at other times 
being quite free from it and apparently not connected to it by any rhizo- 
plast. Most characteristic of this species, however, is a large mass of 
plastin, often visible in the living animal as a refringent body, which lies 
just behind the nucleus or at times forms a ring completely enclosing it 
(figs. 1-3), In a dividing animal this body divides immediately after 
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the basal granule, but its size and shape seem to depend on the general 
metabolism of the organism rather than on the phase of its life-cycle, for 
dividing specimens can be found in which two nuclei are present, each 
entirely surrounded by a ring of plastin, whereas in other cases the plastin 
divides to form two centrally -placed spherical masses. The changes which 
this mass undergoes have unfortunately up to the present obscured the 
division changes of the karyosoine, the difficulty of observing which is ren- 
dered greater both by the extremely small size of the organism and by the 
fact that the karyosome itself varies considerably in size and at times appears 
to be entirely lost (fig. 3), as in the case of llerpetommas ( Leptomonas ) 
jaculans as described by Berliner (7). 

In old cultures tliin-walled spherical cysts rarely reaching as much as 3/t 
in diameter appear (fig. 6). The protoplasm is uniform and shows no charac- 
teristic features, but tends to bo denser round the periphery of the cyst 
and vacuolated in the centre. Staining reveals a simple excentrically- 
situated nucleus, the mass of plastin apparently having been lost before 
encystment. 

This species is very widely distributed. It is common in the Bothamsted 
soil, and has also been found in samples of soil from Africa, the West Indies, 
Azores, etc. 

Sainoubon oxu (n. sp.). (PI. 24. figs. 7-10.) 

This species resembles the foregoing very closely* It is, however, con- 
siderably larger, being from 10 p or 12 p in length in a young culture, but 
diminishing to 6 p or 7 p in old cultures. The anterior end, instead of being 
rounded, is generally drawn out into a curved beak, at the base of which the 
flagellum arises (fig. 7). This beak is occasionally bent or flattened (fig. 8), 
and the whole body is in fact more plastic than in S. mikroteron. A large 
vesicular nucleus lies in the anterior part of the body, and is generally sur- 
rounded by a complete peripheral ring of chromatin (fig. 8), but frequently 
the ring is broken and in its place one or more deeply-staining masses 
(recalling the plastin masses of S. mikroteron ) lie against the posterior part 
of the nuclear membrane (fig. 7). The basal granule from which the flagellum 
arises is situated at the base of the beak when the latter is present, or slightly 
to one side of the anterior extremity when the beak is not present. Usually 
the granule lies too close against the nuclear membrane to be distinguishable 
(fig* 9), but at times there is a considerable space between them (figs. 7, 8). 
In spite of careful examinations of cultures of all ages, no contractile vacuole 
has been found. Nutrition appears to be saprophytic as in & mikroteron, 
which species S. oxu also resembles very closely in its movements; It shows 
however, one interesting peculiarity in its behaviour in that when a drop of 
a culture is put on a slide and covered with a coverslip for examination, the 
organisms remain perfectly quiescent for some time. The first signs of 
activity usually appear about one minute after the preparation of the *tide f 
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but even after four minutes there are usually still a considerable number 
that have not resumed their movements. 

The cysts (fig. 10) are thin-walled, spherical, and from 4/x to 5 p in 
diameter. The contents are granular, the granules usually being arranged 
in a ring. When stained, a nucleus with karyosome and peripheral blocks 
much as in the active stages is visible. 

It has not been found outside Spitsbergen, where it occurred iu two samples 
of moss, both from Klaas Billen Bay. 

Allantion tachyploon* (n. gen., n. sp.). (PI. 24. figs. 11, 12.) 

This organism, though it resembles Sainouron in having a single flagellum 
which arises just behind the anterior end and is directed backwards, has such 
a characteristic mode of progression that one feels constrained to create a 
new genus for it. In size it varies from 7 p to 14 yx (usually 8/x-10/x), and 
the width is about half the length. The shape is very constant, being 
equally rounded at the two ends and usually slightly crescentic. It is 
enclosed in a firm pellicle, and no trace of pseudopodia can ever bo 
found ; iu fact, the only deviations from the typical shape are the 
occurrence of shortened, almost spherical individuals, or of organisms which 
have their concave side (f. e . the side from which the flagellum arises) com- 
pressed, appearing in consequence more transparent than the rest of the 
organism when they are seen in side view, and causing the animals to 
become triangular in cross-section instead of circular, as is more normal. 
Both these forms are commonest in rather old cultures. There is a simple 
vesicular nucleus with some peripheral chromatin in the anterior half of the 
body, and one or more deeply-staining spherical masses, presumably meta- 
bolic products of some kind, are often found in various parts of the body 
behind the nucleus. There is no contractile vacuole. The flagellum is about 
half as long again as the body, and is very much stouter than in such flagel- 
lates as Sainouron or Heteromita . It is invariably directed backwards. 
When the animal is progressing, the flagellum is applied for its whole length 
to the substratum, while the body itself is turned upwards at a sharp angle. 
Neither the flagellum nor the body of the animal shows any trace of vibration 
or movement of any kind, and yet the animal glides rapidly forwards, covering 
a distance of two or three times its own length per second. The organism 
whose movements resemble this most nearly is JJelkenmastur Woodcock & 
Lapage ( 36 ), from which the present species differs in being quite without 
an anterior flagellum (the presence of which in Ifolkesimatfix I have been able 
to confirm, but which plays no appreciable part in the animal’s locomotion). 
It also differs in the absence of a contractile vacuole, and in the presence of 
a firm pellicle as a result of which the flagellum is quite free except at its 
point of insertion instead of adhering to the body as it does in Helkesimastiw . 
This mode of progression, depending presumably on some surface action 

• dXXcSmo*, a little sausage ; ragiprXoo^ swiftly-sailing. 
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between the flagellum and the surface to which it is applied, may however 
occur in other organisms having what has so far been regarded as a passive 
trailing flagellum. It is impossible, for instance, to watch a Cercomonas for 
long without concluding that its characteristic gliding motion is not produced 
by the tractellar action of the anterior flagellum, for the motion continues 
without a break even when this flagellum is temporarily motionless or 
recovering from its stroke ; and, further, the mean position of the flagellum 
often forms a wide angle with the direction of motion of the organism, which, 
on the other hand, is always in a line with the posterior flagellum. The 
movements of Cerecomorm and Jlelkesimastix are in fact so similar (in a 
casual examination it is easy to mistake IlelkeMmastux for a small Cerco~ 
monos) that it seems probable that they are both produced in the same 
way and that the motive power in both, as in Allantion tachyploon , is really 
the so-called trailing flagellum. 

When Allantion is not moving in this way, it adheres by the tip of the 
flagellum to the slide and jerks violently from side to side without progressing 
as a result of repeated flexions and extensions of the flagellum. 

Bemains of ingested bacteria are sometimes found, so that nutrition is 
apparently holozoic though the actual method of feeding has not been 
observed. No cysts of this species have been identified. 

Though this organism does not appear to have been described before, it 
occurs very commonly in soils both from Europe and from the tropics. 

Anisonema minus (n. sp.). (PI. 24. fig. 13.) 

This species is quite typical of the genus in all except size. It is usually 
from 6 /i to 7 /t in length and never exceeds 9/*, whereas the lowest limit for 
any Anisonema given by Senn (30) is 11 p. It is strongly flattened and has 
a longitudinal groove on the under side. In outline it is egg-shaped, but 
slightly asymmetrical at the anterior end. The anterior flagellum is stout 
and about equal to the body-length, while the posterior flagellum is rather 
more slender and about twice as long. They arise from separate basal 
granules a little way behind the anterior end. The contractile vacuole is 
central, but a pharynx lias not been definitely discerned. There is a large 
elliptical vesicular nucleus lying to one side of the body, containing a karyo- 
some, which though usually spherical is sometimes irregular in shape, and 
a ring of peripheral chromatin. The movements are slow and very steady, 
being produced by the movements of the unterior flagellum, which lashes 
through a wide amplitude. 

This species occurred in one sample only. I have, however, fofend it in 
soils from the West Indies, so that although apparently never abundant, it 
seems to be a widely-distributed soil form. 

Cladomonas sp.— This occurred in only one culture from soil sample 5 
(1921). The monads are spherical to ellipsoidal in shape, front to 7 /a in 
length, and with two forwardly-directed flagella, each about 1$ to If times the 
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body-length, inserted at the anterior end. Each monad is situated at the end 
of a tube usually with only the flagella projecting, but sometimes the cell 
itself protrudes to some extent. The tube is colourless and transparent, and 
is quite empty except for the organism at its tip ; in fact, but for the cocci 
adhering to it, it would easily pass unnoticed. Its composition was not 
investigated, but it is flexible and yields to the movements of the organism. 
Occasionally one finds an unbranched piece of tube, 50/* or more in length, 
with a single flagellate at its end, but more usually the tube branches, though 
not with the regular dichotomy of C.fruticosa Stein. Usually, however, the 
distal parts of the tube are surrounded with a dense mass of bacteria, pro- 
tozoal cysts, etc., so that its ramifications cannot be fully followed out. The 
flagella are held at an angle of about 20° to one another and vibrate rigidly 
without bending. These movements are so rapid that the flagella can then 
only be detected by the characteristic movements of the surrounding bacteria, 
etc., one or two of which usually adhere to the tip of each flagellum, and are 
seen to he whirling round in a small circle. Occasionally the motion stops, 
and the animal remains at rest for a few seconds. The effect of the whirling 
of the flagella is to drive small bacteria towards the mouth of the tube, where 
they adhere both to the walls of the tube itself and to the body of t,lie animal, 
which is consequently always the centre of a small mass of the organisms. 
Occasionally a single monad is found adhering to the glass slide without any 
tube. In this condition the flagella vibrate just as usual, causing cocci to 
come against the body, to which they then adhere. 

This organism differs from C. frvticosa Stein only in the less regular 
branching of the tube, a feature which hardly justifies the creation of a new 
specific name. 

Phalanstkrium solitarium (n. sp.). (PI. 24. figs. 14, 15 & text-figs. 1, 2.) 

This organism differs in several respects from the two established 
species P. consociatum Fresenius and P. digitatum Stein. It usually appears 
in cultures in the form of free-swimming monads 10/* to 15/* in length 
(text-fig. 1) and more or less spherical in shape, though sometimes rather 
elongated, and often distorted by the presence of large vacuoles. At the 
anterior end is a single flagellum, three or four times as long as the body, 
which is surrounded at its base by a narrow fct collar,” into which a cyto- 
pharynx opens. The flagellum is very characteristic, the proximal part 
(about one-fourth of the whole length) being stout and fairly rigid, while 
the distal part tapers to a very fine and flexible whip. Unlike the flagellum 
of the Craspedomonads, which is always a pulsellum, this flagellum acts as a 
tractellum, so that the creature swims with its collar directed forwards. 
A reversal of this mode of swimming has never been observed. The mode 
of swimming enables the species to he easily recognised, since the whole 
organism vibrates rapidly as it were about a pivot situated near the hinder 
eftd of the body. Often a few cocci adhere to the rigid part of the flagellum, 
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and these are consequently seen vibrating vigorously a short distance in 
front of the animal itself. The progression is rapid and in a straight line 
without any tendency on the part of the organism to turn on its axis. It 
follows that the movement of the flagellum (which is too rapid to be 

Fig. 1. Fio.2. 



PhaUmuterimi toKtarium, X 25 00. 

1. Normal living form with collar. 

2. Elongated form from an old culture. 


visible) must consist of a lashing from side to side, and is not the typical 
spiral movement of the (Jraspedomonads. The contractile vacuole is not 
usually visible, but is situated just behind the centre of the body. 
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In old cultures the organisms often lose their spherical shape and become 
very narrow, tapering particularly at the anterior end (text-fig. 2). Tn this 
condition the collar is difficult to observe, and often appears to be completely 
merged in the cell protoplasm. Even in the more typical spherical form 
the collar is occasionally invisible, and at death it is invariably completely 
retracted. 

In the living organisms the nucleus, when it is visible, is composed of a 
single spherical lcaryosome surrounded by a narrow clear zone. Unfor- 
tunately it has only been possible to obtain a single stained preparation in 
which the karyosome was often vacuolated (PI. 24. fig. 14) or distorted by the 
pressure of large cytoplasmic vacuoles (PI. 24. fig. 15). The fixation of these 
specimens appeared to be satisfactory, but until further preparations have 
been obtained, it is impossible to say whether or not these appearances are 
abnormal. 

In its sedentary phase the organism becomes surrounded by a thick 
gelatinous layer. Unlike P. consociation and J > , digit at um it does not form 
any definite colonies, though frequently a number of these* gelatinous 
capsules are formed side by side. Frequently also two or more cells occur 
in a single capsule, but the process of multiplication has not been observed. 
The flagellum projects through the wall of the capsule, which has no well- 
defined opening, and its fine whip- like distal portion lashes vigorously with 
a spiral movement, which causes cocci etc. to be whirled towards its base, 
where they' accumulate in a mass which quivers slightly with the movements 
of the flagellum. The whole gelatinous capsule, in fact, becomes encrusted 
with cocci etc. so that the derails of the organism inside are not easily 
distinguished. The collar appears to be rather smaller than in the free- 
swimming form, and may frequently' be entirely lost. Neither in the sessile 
nor in the free-swimming phases have any bacteria been observed inside the 
collar, and the mode of nutrition is therefore unknowm. While in this 
gelatinous capsule, the organism loses its collar and flagellum and becomes 
enclosed in a thick wall, forming a rather angular cyst, which, however, has 
none of the ridges shown in Cienkowski’s figure (11). 

This species has also been found in soils from liothamsted and from the 
West Indies. 

Of the other flagellates recorded, Oicomonas lermo Ehrenb. is one of the 
most, numerous and most ubiquitous soil organisms. Spiromonas (Duj.) 

Kent, Helkesimastix faeicola Woodcock & Lapage, and Phyllomitus sp., 
though much less abundant, are not uncommon in soils from other regions. 
Petatomonas angu&ta (Klebs) Lemtn., found in soil sample 3 (1922), does 
not seem to have been found in the soil before, though the nearly related 
Copromonas subtill s Dobell is not uncommon. 

There were in addition a small number of unfamiliar forms which appeared 
in one or more of the cultures, but in such small numbers that a satisfactory 
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examination was not practicable, and the attempts to obtain stronger sub* 
cultures failed. It is possible that some of these may have been new 
species. Of these forms the following two deserve mention, since they 
have each been found in one or more other localities ; and although it has not 
so far been possible to obtain the stained preparations necessary for an 
adequate description, the appearance of the living organisms is quite 

Fig. 3. Fig 4. 



Sp. 9, x 2600; freehand drawings from life. 

3. Free-swimming form with anterior pseudopodium. 

4. Amoeboid form. 


characteristic. It is hoped that a satisfactory identification or deserintion 
may be published later. " 

Sp. B. (Text-figs. 3, 4.) 

In the flagellate condition (text-fig. 3) this organism is very plnth, and 
its shape is therefore rather indefinable, but typically the anterior end is 
rounded, and posterior end tapers to a point. Quite spherical individuals, 
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however, are not uncommon. Finger-like pseudopodia may be formed 
at all parts of the body, but they are commonest at the posterior end. 
Two flagella arise in a slight pit at the anterior end, of which one is 
directed forwards and is between 1 and times the length of the 
animal, and the other, which is a little longer, is directed backwards or 
slightly to one side, but is quite free from the body except at its point 
of insertion, thus differing from the corresponding flagellum in Cercomonas. 
In small specimens the relative lengths of the flagella are often greater, 
up to three times the body-length. A vesicular nucleus is usually clearly 
visible in living specimens at or just in front of the middle of the organism, 
and a single contractile vacuole can occasionally be observed near the hinder 
end. The usual length is about 15 ft, though occasionally small specimens of 
6/a to 10/a occur. The movements are usually jerky, both the flagella being 
held more rigidly than in most flagellates, the anterior one vibrating 
vigorously. 

The amoeboid stage (text-fig. 4) is less commonly observed. One flagellum 
is retained which is directed sideways and continues to vibrate vigorously 
while the animal moves forward with a single broad pseudopodium, the 
posterior end being rounded. As in the swimming stage, the nucleus is more 
or less centrally placed and is easily visible, but the contractile vacuole now 
lies anteriorly between the ecto- and ento-plasms. 

This species resembles the genera Cercobodo Krassilstcliik and Dimastiy- 
anitcba Blochmann rather closely in many respects. From the former, 
however, it- is distinguished by the true amoeboid movements of the sessile 
form, while the fine radiating pscudopodiu which Blochmann mentions as 
being sometimes formed by Dimastigamwba have not been observed. 

It occurred in only one of the present soil samples, but has been found on 
several occasions in small numl>ers in soil from Harpenden and front the 
Azores, W. Indies, and other localities. 

Sp. e. (Text-figs. 5, 6.) 

In its general appearance and movements this organism is somewhat like 
Allanlivn tackyploon (see p. 461). The length is usually about 18 ft, though 
individuals as small as 10 /a or as large as 24 ft occasionally occur. The 
width is about half the length. The sides are straight and the ends both 
rounded. In section it is circular or slightly flattened “ dorso-venfcrallv.” 
The shape is persistent ami the body not flexible, hut finger-like pseudo- 
podia may occur at either end. These are usually about 4 /a to 6 §i long, but 
occasionally a much longer one is formed. A stout flagellum, slightly 
longer than the body, arises at the extreme anterior end, and is directed 
backwards as in A llantion . In most individuals a very short second flagellum, 
about 2 /a to 3 ft in length, can be detected. Near the base of the flagella 
are two prominent contractile vacuoles, but ihe nucleus is usually indis- 
distinguishable in the living organisms, and, as already mentioned, no 
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observations of its cytology have been made. The hind end of the body 
often contains a considerable munbei of grannies, apparently the remains 
of food, though the actual ingestion of bacteria has not been observed. The 
movements are very similar to those of Allantion, the long flagellum being 
applied closely to the glass slide, and the whole animal gliding quickly and 
steadily forwards. When the short second flagellum was visible it moved 
vigorously from side to side, but its movements were not sufficiently powerful 
to impart any vibiation to the animal as a whole. The characteristic 
quiescence in a newly-prepared slide, noted in the case of Sainouron oxu 
(p. 460), is shown to an even more marked degree by this species, as much as 
ten minutes sometimes elapsing before movements are resumed. If the drop 
of culture fluid is spread out on a slide but not covered with a coverslip, 
activity recommences much more quickly 

Fig. 6 


Fig. 5. 




None of these require any comment except Cronrma sp., which was found 
in soil sample 5 (1021). The numerous specimens found appealed identical 
with those obtained in cultures of sea-weeds from Plymouth, and it is 
possible that they were really marine organisms introduced into the soil in 
the droppings of sea-birds. Unfortunately at the time I was not aware of 
Sohewiakoff’s and Buddenbrook’s (8) work on this genus, and not having 
mado drawings, cannot say whether the organisms found were U. man - 
mm»i Duj. or the very similar Bpecies L . t,ehewiakoffi Buddenbrock, which 
appears to be a true fresh-water form. 


3. Bhizopoda. 

Amoeba The identification of the different species of “Jimax” amoeba 

is usually only practicable when the complete life-history is known, or at 
least when both the active and the encysted stages are available. In the 
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cultures in which only active individuals could be found the identification is 
consequently incomplete. The common soil species A'ttyleria ( IHmastiyamwba ) 
gruheri (Schardinger) Alexeieff was found in two of the soil samples, and 
the very similar form HartmaneUa hyalina Alexeieff in three of the mosses. 
A characteristic small species described in a recent paper (12) as sp. a also 
occurred in one of the moss samples. Unfortunately this organism does 
not grow very well in cultures, and consequently it is still impossible to 
complete the description of it, or to name it satisfactorily. 

Ama*ba limicola Rhumbler. — This species occurred in only one culture and 
was smaller than usual, being only about 20 /a in diameter when rounded. 

Amoeba vespertilio Penard. — Penard records this species as being present 
“ on assez grand abon dance ” in his Spitsbergen material, but in the present 
investigation it was found in only one moss sample. The specimens examined 
were nearly all in the radiate form when first observed, but passed over into 
the more active non-radiate form when transferred to a slide for closer 
examination. In the latter condition the average length was about 60 /a. 

One sample of moss from Prince Charles Foreland gave a few specimens 
of a smaller amoeba which may belong to this species. When active this 
animal is constantly and rapidly changing its shape, but does not progress. 
The pseudopodia are numerous and are of two kinds — narrow finger-like ones 
reaching about 20 p in length, and other very fine ones which are even 
longer. At times the aimnbse become rounded and motionless, with very 
short finger-like pseudo podia projecting all over the body. The diameter is 
then from 18/t to 30 /a. There is apparently only one contractile vacuole, 
which is situated near the middle of the body and at times reaches a very 
considerable size. 

Amoeba terricola Greef occurred in three soil samples and in one moss. 
They were all perfectly typical except in size, in which respect they mostly 
agreed with those found by Penard. The specimens from the mosses were 
usually about 50 p, in diameter and those from the soils even smaller (2U/a). 
Soil sample 4 (1922) contained a few full-sized ones of 120 /a in diameter, 
with a nucleus of 35 p x 18 /*. and a contractile vacuole which at times 
reached a diameter of 50 /a. Though encystment is unknown in the European 
members of this species, it apparently does sometimes occur, for the speci- 
mens found in the material brought back by the British Antarctic Expedition 
of 1907-1909 were all encysted (25). No cysts were found, however, in the 
material. 

Amoeba striata Penard. — This beautiful amoeba occurred in its typical form 
in one of the moss samples* When progressing steadily its dimensions were 
about 60 /a by 36 m. The large contractile vacuole (diameter 12 /a) is charac- 
teristic of the species, but in the present case it was almost invariably 
single. Once only was it observed being formed by the coalescence of three 
smaller vacuoles. 

A single small specimen (length 30/4) was found in another sample from 
the sa me locality. 
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Am&ba actinophora Auerb. — This organism, as it appeared in the cultures, 
agreed closely with the figures and description of A. actinophora given by 
(?ush, but the envelope was much less well defined than in those figured by 
Penard (22) under the name of Cochliopodium avtinophormu The usual 
appearance is of a small granular amoeba completely surrounded by a wide 
ectoplasmal border except during the extrusion of fsecal matter, when the 
granular endoplasm extends to the surface at the hinder end. Tn this con- 
dition it changes shape quickly or moves forward slowly, the appearance 
being somewhat like that of a broad limax except for the wide clear border 
of ectoplasm. The anterior end is wider than the posterior, and the con- 
tractile vacuole is anterior. At other times progression ceases, and long, 
pointed pseudopodia arise from the endoplasm, which projects right through 
the ectoplasm. The length of tho amwba varies from 24 p to 36 p, and the 
pseudopodia may reach about 15 p in length. 

Coryciajlava Greef. — Though empty, rolled-up tests probably belonging 
to this species were observed in many of the moss samples, living specimens 
occurred in only two (one from each locality). They wore quite typical 
and the size was about 135 p . 

Several specimens of Corycia coronata var. simplex (Penard), which is now 
generally regarded as a variety of C. jiaea (32), occurred in one of the other 
samples from Klaas Billen Bay. Diameter of shell 105 p to 120 p. 

Difflugia. — As in Scourfield’s and Peuard's samples. I>. constrivta Ehrenb. 
was much the commonest testaceous rhizopod found. The numerous speci- 
mens recorded as />. globulus Duj. were all empty tests, and it is therefore 
impossible to be sure whether they belonged to this species or to the genus 
Phryganella Penard, us the two are distinguishable only by the form of the 
pseudopodia. The diameter was usually between 33 p and 50 p y but. in one 
sample very large specimens (diameter 120 p) were found which were more 
probably tests of Phryganella nidulus Penard. IK fallax Penard was also 
very common. The size was generally about 60 p in length by 54 p in greatest 
width, with an aperture of between 25 and 30 p. The smallest individual 
recorded was 30 p long and the largest 72 p. 

JD . lucida Penard, the scarcest of the Difflugias found, occurred in only 
one sample. The size was usually about 54 p in length by 27 p in greatest 
width. One specimen reached a length of 80 p. 

J). pyriformis Perty was not common, and varied from 87 /t to 105 p in 
length. 

Centropyxis . — Although the two species of this genus were about equally 
widely distributed among the samples, the individuals of C. tamgata Penard 
were considerably the more numerous. They were mostly rather small speci- 
mens, the diameter of the shell usually lying between 60 p and 80 p, with a 
height of 45 p to 60 p and an aperture of from 25/* to 45 p in diameter. 
A single very large specimen (144 p in diameter and 72/* in height) was 
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found which differed from the smaller ones in having a transparent yellowish- 
brown chitinous test free from sand-particles. 

The specimens of C. aculeata Stein were also on the average slightly 
smaller than usual, varying from 85 p to 120 /a in diameter and with aper- 
tures of from 20 fi to 38 /6. This species showed considerable variation in 
form. The commonest typo agrees closely with Cash’s var. spinosa , as the 
spines were relatively long and the mouth distinctly lobed. This type included 
the largest specimens found (diameter 114 /a to 120 p). In others the mouth 
was circular and the spines very short, often in fact reduced to mere knobs. 
The smallest specimens found, those with a diameter of from 85/6 to 95/6, 
were almost invariably spineless, and no doubt belong to the C. aculeata var. 
ccornis of Leidy. 

Arcella. — Typical tests of A. arenaria Greet varying in diameter from 
72/6 to 180/6 were hy no means uncommon. The tests of A . vulgaris Ehrenb., 
though clearly differentiated from the others by the perfectly regular dome.d 
appearance without any border w r hen seen in side view, were decidedly 
larger than usual, being between 100/6 and 190/6 in diameter. 

I lyalospliema minuta Cash. — A very few specimens of this species were 
found in one of the soils. Average dimensions : length 34/6, greatest 
breadth 20/6, mouth 10/6. 

JVebela collaris Leidv. — Length 84/6 to 135/6, greatest width 48/6 to 72/6, 
aperture 18/t to 30/6. A broken test was also found which apparently 
belonged to this species, and which when complete must have attained a 
length of about 160/6. In structure the tests all resembled that figured by 
Leidy (pi. xxiv. tig. 11). Scourfield also found some pitied like HyalosjJtenia 
or like Leidy 's pi. xxiv. tig. 12. 

Sebela layeniformis Penard. — This is described by Cash (10) as a definitely 
sub-alpine species. Typical but rather small specimens were found in one of 
the soil samples, the dimensions being : length 103/6 to 105/6, breadth 
48/6 to 54/6, aperture 21/6 to 25/6, length of neck 33/6 to 36 /t. 

Quadrula irregularis Archer. — This species was abundant, in most of the 
mosses from Kluas Billen Bay, and showed considerable variation both in 
size and shape. They mostly belonged to the variety globulosa Penard, and 
had a diameter of from 25/6 to 45/6 and an aperture of from 9/6 to 15 / 6 . But 
several were more elongated and frequently not quite symmetrical, belonging 
tberefore to Penard’s variety oblonya . 

Euylypha , — The specimens found were all typical and require little 
comment. 

E. ciliata Ehrenb. was the commonest species in the mosses from Kluas 
Billen Bay, and varied from 70/6 to 90/6 in length and from 51/6 to 60/6 in 
greatest width. 

E> striyosa Leidy was also common. Most of the specimens belonged to 
the variety glabra Wailes, and varied in length from 63/6 to 96/6, in greatest 
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width from 38/4 to 66/4, and with apertures between 15/4 and 24 fi wide. 
Two ciliated specimens only were found with the dimensions: length 56/a 
and 65/ a , greatest width 33/4 and 43/4, and apertures 15/* and 31/4. 

K . tubrrculata Duj. occurred in one sample only. The dimensions were : 
length 56/4. greatest width 27/4, aperture 1 2 /4, body-scales (elliptical ) 7/4 loug. 
This is no doubt the 72. alveolata found by Ponard ami Scour lield. 

E . Icvvis Perty. — This species was uot at all common and most of the 
specimens found were damaged, so that the identification was in many cases 
uot very satisfactory. The dimensions of those found in the mosses were : 
length 39/4 to 60/4, greatest width 24/4 to 40/4, and aperture 11/4 to 15/4. 
The specimens found in the soils were smaller, some being only 18/4 loug. 

Assulina mmcorum Greet (J. minor Penard and A . seminulum (pars) 
Leidy). — Typical specimens varying from 45/4 to 54/4 in length wore abun- 
dant in two of the moss samples from Prince Charles Poreland; in lad, their 
presence constituted the most striking difference between these mosses ami 
those from the other locality. Thev were also quite numerous in sonic 
of the soils, but these specimens were rather more variable in size (length 
33/4 to 53/4) and in shape, which was frequently asymmetrical. The soil 
specimens were also quite colourless, but they were all dead it wa> 
impossible to decide whether this was due to the usual brown meiubr.ine 
having been destroyed by the soil solution or whether they really belonged 
to a colourless variety. 

Ct/phoderia ampulla Aar. ritraa Wailos. — Only a few individuals of t his 
species were fouud, and in most eases it was impossible to distinguish the 
structure of the test, which appeared quite homogeneous. In one ease, 
however, regular polygonal scales could be detected. The specimens were 
uniformly small, the length varying from 50/4 to 50/4 instead of the normal 
100/4 to 120/4 (22), with a greatest width of 25/4 to 27/4 and an aporture of 
10/4 to 12/4. The usual yellowish tint was abo absent and the tests (which 
were all empty) were perfectly colourless. 

In each of three moss samples a single specimen of a larger yellowish 
retort-shaped test was found. Two of these measured 75/4 in length and the 
third was nearly 170/4. These tests showed no truce of any structure and 
were all flexible, being in fact dented and creased when found. The section 
appeared to be circular, but it was impossible to be quite certain of this 
owing to tile damage that they had suffered. They probably belonged to the 
species Campascits tnqneter Penard, which is confined elsewhere to lakes of 
glacial origin and is consequently regarded (24) as a relict of a true arctic 
fauna. The occurrence therefore of this otherwise lacustrine form in arctic 
mosses is of particular interest, and it is unfortunate that no undamaged 
specimens were found. 

Trinema . — 1\ enclielys Ehrenb. and 1, lineare Penard were both quite 
common, though the former species was not recorded from Prince Charles 
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Foreland. The former varied from 33/* to 65 /* in length and the latter 
from 16/* to 30 /*. Trinema complanalum Penard was also common in two of 
the moss samples from Prince Charles Foreland, and is no donbt the form 
observed by Seourfield (1/400" long) which he compares with Leidy (pi. xxxix. 
figs. 41, 54, 61, 63). They were mostly between 45 /* and 50/* in length by 
27/* to 30 /* in width, but a few were considerably larger, ranging up to 
75/* long. One sample from Klaas Billen Buy contained, in addition 
to all these three species, a few large specimens nearly 70/* in length of 
7\ enchelys var. galeata Penard, a form very like T. complanatum, but 
distinguished by the presence of lines on the ventral surface curving 
backwards from the aperture to the sides of the test. 

Corythion duhhnn Taranek. — This was very scarce even in the two samples 
in which it was present. They were mostly from 40/* to 50/* in length, but 
one reached 65/*. 

Chlamydnphrys stereo rea Cienk. — The classification of the Chamydophrys 
group of rhizopoda has recently been revised by Belar (6), but, as his 
differentiation is based on the detuils of nuclear division, it could not be 
followed here, so the older and wider name (\ * Urcarea is therefore retained. 
Jndging from the size (length between 24/* to 27/* by 10/* to 21/*), the 
specimens found probably belong to the species C. acliauduun Schussler. 

Xucharia simplex Cicnk. — The individuals found were all colourless, and 
appeared identical with those found in fjnglish soils. 

AHinophrys sp.~ Only a single .specimen was found, and unfortunately a 
detailed examination was* not possible. The diameter was 21/*. Penard 
obtained from Spitsbergen a small new species of Raphidiophrys {It. brunii) 
of similar dimensions, to which this specimen may have belonged. The two 
genera are distinguished by the presence of minute spicules in the gelatinous 
envelope of Raphidiaphrys which are absent in the case of Aciinophrys , but 
as they aro not usually visible in the living animal, it is impossible to say 
whether they were present or not in the specimen found. 

Summary. 

The protozoa contained in 3 samples of mud, 8 samples of soil, and 14 
samples of mosses from Spitsbergen have been investigated. An abundant 
fauna was found, most of which was identical with that occurring in the 
soils and mosses of temperate lands. 

Seven new species of flagellates are described, of which however five have 
also been found in soils from non-arctic regions. 

In conclusion, I wish to thank Mr. 6* C. Sawyer for the soil analyses, 
Mr. E. M. Crowtber for the pH estimations, Miss L. M. Cramp for sug- 
gestions of names for the new species described, and especially Mr. D. W. 
Cutler, under whose supervision the whole of the work has been carried out. 
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EXPLANATION OF PLATE 24. 

All the specimens were fixed in Schaudinu's alcoholic sublimate -f 5 per cent, acetic 
acid and stained in IleidoitlutinV hematoxylin. The figures were drawn with the camera 
lucida and a Zeiss i/12" objective and are X 5000, except Jig. 15 which L X 2500. 

Figs. l-o. SSniitouron mikroteiov, Upicul forms. 

4,5. ,, „ sessile forma with ingested food bodies. 

Fig. t:. „ „ <*y*t. 

7. Sai neuron oxu , typical active form. 

8. „ „ showing plastic beak. 

9. „ „ beak withdrawn. 

10. ,, ,, cjst. 

Figs*. 11,12. Allantion tacky jtleoti. 

Fig. 13. Anisonema minus. 

Figs. 14, 15. Phafanaterium solitanum. 

In fig. 15 only the thickened basal part of the flagellum is shown. 
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On a Collection of Sponges from the Abrolhos Islands, Western Australia. 
By Arthur Dendy, D.Sc., F.R.R., F.L.S., Professor of Zoology in the 
University of London (King's College), and Leslie M. Frederick, M. Sc., 
Harold Row Student in the Zoological Department, King’s College. 

(Plates 25 & 26.) 

[Read 21st June, 1923.] 

Introduction. 

The collection of Sponges made by Professor Dakin at the Abrolhos 
Islands is a very rich and, in some respects, a very remarkable one. It 
comprises 48 determinable species, of which 12 are regarded as new. The 
collection is especially rich in Oalcarea, and includes a number of fine 
specimens of that extremely rare and interesting sponge Grantiopsis cylin- 
drica ; a new species of the no less rare and remarkable genus Lelapia , and 
a new genus of Leucascidae. The Tetraxonida, as usual, form the bulk of 
the collection, but do not include any very striking novelties ; there are, 
however, two rather remarkable new species of Euceratosa. 

The following is a complete list : — 

Order CALCAREA. 

% Family Homoccelidje. 

1. Leucosolenia grtsea n. sp. 

2. Leucosolenia protogenes Haeckel. 

Family Leucascidis. 

3. Ascoleucetta compressa n. gen. et sp. 

4. Leucetta chagosensis Dendy. 

f>. Leucetta microraphis Haeckel. 

Family LeucaltidjE. 

6. Lencaltis clathria Haeckel. 

Family Sycettip,®. 

7. Sycon gelatinosum de Blainville. 

Family Heteropiipjs. 

8. Vosmaeropsis mackinnoni n. sp. 

Family Grantiidj:. 

9. Grantiopsis cylindrica Dendy. 

9 a. Grantiopsis cylindrica Dendy var. fntticosa nov. 
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Family Lelapiidji. 

10. Letapia anti qua n. sp. 

Order TETRAXONIDA. 

Sub-order Homos olkrop ho ra. 

Family Plakintdac. 

11. Jhrritopsis minor Dendy. 

12. Dercitopsis mammillaris (Lendenfeld). 

Snb-order Astiiotetraxonida. 
Family Stellktti das . 

13. Stelletta brevis Hentschel. 

14. Stelletta debilis Thiele. 

15. Stelletta sunnatricena Lendenfeld. 

16. Aneorirta australiensis (Carter). 

17. Anrorina brevidens n. sp. 

18. Aurora rowi Dendy. 

19. Asteropus simplex (Carter). 

Family Erylidas. 

20. Erylus proximus Dendy. 

Family Dokatudje. 

21. Donatia robusta (Bowerbank). 

22. Jfonatia multistelfa ( Lendenfeld). 

Family CnoNDROSJiDjK. 

23. Clumdrilla australienm Carter. 

Sub-order Sjgmato tetraxonida. 

Family HaploscjleuidjE. 

24. Reniera atjwedvctns Schmidt. 

25. Reniera eribrit utis Dendy. 

26. Reniera permoUis (Bowerbank). 

Reniera spp. 

27. Petrosia dura (Nardo) Vo^maer. 

28. llalkhomina phakellioides n. sp. 

29. Chalinu palmata (Lamarck). 

Chalina sp. 

Paehyehalina sp. 

30. (' eraoehalina multiformis var. manaarensis Dendy. 

31. Phlceodictyon a hrolhosemis n. sp. 
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Family Desmacidonidje. 

32. Pseudoesperia carteri n. sp. 

33. Pspudopsperia trichophora n. sp. 

34. Esperella plumosa. Carter. 

35. Hiemna tubulata Dendy. 

36. Echi nodictyum hilamellatum (Lamarck) ltidley. 

37. Anrhinoe firtitioides n. sp. 

38. Dendoricella schmidti (Ridley) . 

Family Olavulid-E. 

39. Trachycladus hvvispirulifer Carter. 

40. Sigmosceptrella fibrosa Dendy. 

41. Spirastrella mgabunda Ridley. 

42. Aaptos aaptos (Schmidt). 

43. Polymastia mammillaris (0. F. Muller) Bowerbank. 

Order EUCEBATOSA. 

Family Darwinellide. t 

44. Megalopastes arenifibrosa n. sp. 

Family Spongeliide. 

45. Spongelia dakini n. sp. 

46. Psamtnopemma crass am Carter var. 

Family Spongiide. 

47. I lippospongia intestinal h (Lamarck). 

48. Coscinoderma pyriforme Lendenfeld var. at. 

48 a. Coscinoderma pyriforme Lendenfeld var. yS. 

As might be expected from the position of the Abrolhos Islands, the 
sponge fauna is mainly intermediate in character between that of the more 
westerly Indian Ocean and that of the more easterly Australian coasts, but it 
contains a small element apparently derived from the North, viz. Lelapia 
anti qua , nearly related to the Japanese L. tripponica ; Stelletta debit is, pre- 
viously known only from Termite, and Ancorina brevidens, very closely related 
to Ancorina amboinensis from Amboina ; while Echi nodictyum bilamellatum , 
though widely spread on the eastern coasts of Australia, seems to be a 
characteristically tropical or sub-tropical species. 

W© have to record our indebtedness to Professor W. J. Dakin, D.Sc., for 
the opportunity of studying this valuable collection ; to Mr. M. Burton, M.Sc., 
for determining the two species of Eonatia, a genus to which he has devoted 
special attention; to Mr. Charles Biddolph, the skilled assistant in the 
Zoological Department of King's College, for the photographic illustrations, 
and to Mr. J. 0. Dendy for help in section-cutting. 



480 


PROF. A. DENDY AND MISS L. M. FREDERICK ON 


1. Leucosolenia ohisea n. sp. (PI. 25. fig. 1 ; PI. 26. fig. J .) 

There are two specimens in the collection, the larger (R.N. VI. 21), which 
is attached to a rods by its base, is plicate, consisting of vertical lamella* 
which fold and branch in such a way as to lie parallel to one another 
(PI. 25. fig. 1). The total height of the specimen is 30 mm., the total width 
25 mm., and the average thickness of the lamellae 1*5 mm. The second 
specimen (R.N. IV. 3 a) consists of a carved lamella, forming an imperfect 
funnel 20 mm. in height and 10 mm. in diameter at the top. 

The surface is smooth, even and sieve-like in appearance, owing to the 
pseudopores which are thickly and evenly scattered all over it. The oscula, 
whichare marginal in position, are about 1 mm. in diameter and have a slightly 
prominent margin. Colour in spirit grey ; texture firm and compact. 

The pseudopores, which are nearly circular and measure about 0*26 mm. 
in diameter, pierce the pseudoderm, which is about 0*07 mm. in thickness, 
and lead into wide, irregular interspaces lying between the branching and 
anastomosing Ascon tubes. The prosopylcs are accompanied by groups of 
black pigment granules which doubtless indicate the porocytes, as in the 
case of Leucosolenia coriacea as described by Minchin [1900], and in that 
of Leucosolenia cavata Dendy [1891] ; it is the presence of this jet-black 
pigment which gives the sponge its characteristic grey colour. The granules 
are not confined to the porocytes, but are also found scattered in the fiat 
epithelium. The secondary Ascon tubes open into the main cxhalant canals, 
which are also lined by basinucleate collared cells, and open to the exterior 
by true oscula. 

The canal system conforms to type 13. (Dendy [1891].) 

The skeleton consists of triradiate and quadriradiate spicules arranged 
irregularly in one or more layers in the walls of the Ascon tubes ; the tri- 
radiates are more densely packed in the thick pseudoderm. 

Spicules: — (1) Trivadiates (PI. 26. fig. la); equiangular ; rays measuring 
about 0*14 mm. by 0*013 mm. ; straight, conical, rather bluntly pointed ; 
usually equiradiate, but the basal sometimes a little longer than the oral rays. 

(2) Quadriradiates (PI. 26. fig. 1 b) ; rather scarce, like the triradiates 
but with the addition of a long, slender, slightly curved and sharply pointed 
apical ray which projects into the gastral cavity. 

This species is readily recognised by its characteristic externa] form and 
its grey colour, due to the black pigment granules. 

Register Nos . and Localities . IV. 3 a, Wooded Isle ; VI. 21, Sandy Isle. 

2. Leucosolenia pbotogbnes Haeckel. (PL 25. fig. 2.) 

(For discussion and synonymy vide Dendy [1691].) 

There is in the collection a single small specimen (PL 25. fig. 2} of this 
common Australian species. 

Register No. ami Locality. VUI. 4, Bandy Isle. 
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Genus Ascolbucetta n. gen. 

Leucascidse with a well-developed dermal cortex densely packed with large 
and small triradiates aud pierced by well-defined inhalant apertures guarded 
each by a fringe of hair-like oxoa projecting radially inwards from 
within the margin. The elongated and much branched flagellate chambers 
are more or less radially arranged around the wide exhalant canals, which 
open by numerous oscula. 

3. Asooleucetta compressa n. sp. (PI. 25. fig. 3 ; Pl. 26. figs. 2, 3, 4, 5.) 

The sponge, which measures 25 mm. in height, 22 mm. in greatest width, 
and has an average thickness of 4 mm., forms an erect, compressed, irregular, 
more or less lobulated mass. The surface is smooth but uneven, and sieve- 
like in appearance owing to the presence of numerous small, circular, inhalant 
apertures, about 0*2 mm. in diameter, which are closely and uniformly scattered 
all over it. The oscula, which measure about 1 mm. in diameter, are arranged 
singly and are for the most part marginal. Colour in spirit light greyish 
brown ; texture firm and compact, rather hard. 

The inhalant apertures (PI. 26. fig. 5) pierce the well-developed dermal 
cortex, which is about 0 a 13 mm. in thickness, ancf lead into large, well- 
defined inhalant canals which run in between the flagellate chambers. The 
latter are much elongated and copiously branched ; they tend to be radially 
arranged round the larger exhalant canals, with their blind ends directed 
more or less at right angles towards the dermal surface (PI. 26- figs. 3, 4). 
The chambers, whose walls are pierced by numerous prosopyles, open into 
wide exhalant canals which lead up to the vents. The collared cells are basi- 
nucleate and confined to the radial chambers, being absent from the exhalant 
canals. 

The skeleton consists of triradiates and quadriradiates, for the most part 
equiangular and equiradiate. The dermal cortex (PI. 26. fig. 5) contains 
numerous large triradiates arranged tangentially, intermingled with small 
triradiates which are packed in a dense feltwork around the margins of the 
inhalant apertures. These apertures are guarded by a fringe of hair-like 
oxea projecting radially inwards from the margin in small groups (PI. 26. 
fig. 5). There are no large spicules in the interior of the sponge, small tri- 
and quadriradiates being scattered closely but irregularly in the walls of the 
radial chambers and exhalant canals, the facial rays lying tangentially, 
while the slender apical rays of the quadriradiates project into the chambers 
and into the exhalant canals. 

Spicules (1) Large triradiates (PL 26. fig. 2 a) ; with conical, straight 
or slightly crooked, gradually or sometimes rather abruptly sharp-pointed 
rays, measuring about 0*35 by 0*052 mm. 

(2} Small triradiates (PI. 26. fig. 2 b) ; with straight, conical, bluntly 
pointed rays, measuring up to 0*14 by 0*03 mm. All the triradiates are 
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equiangular and more or leas equiradiate, but sometimes the rajs become 
slightlj unequal. 

(3) Quadriradiates of three kinds : (a) (PI. 26 . fig. 2 c), regular, very 
abundant, like the small triradiates with the addition of a slender, carved, 
often crooked, apical ray ; the facial rays raeasare about 0*15 by 0'035 mm. : 
(b) (PI. 26 . fig. 2 d), sagittal, with a wide oral angle and a slender, back- 
wardly directed, very slightly curved apical ray ; the oral rays (which 
measure up to 0*13 by 0'02 mm.) are sometimes slightly ourved, the basal 
ray is slightly shorter than the oral and straight and conical : these spicules 
are not very abundant and are probably confined to the exhalant canals and 
the oscular margin : (c) (PI. 26 . fig. 2 p), sagittal, small, very irregular, 
usually with carved, crooked rays, measuring about 0"1 by 0*019 mm. 
(b) and (c) have only been found in boiled-out preparations. 

(4) Trichoxea (PI. 26 . fig. 5 , tr.) very slender, sharp-pointed, measuring 
about 0*16 mm. in length. 

Register No. and Locality. III. 12, Wooded Isle. 

4. Leucetta chagosbnsis Dendy. 

Leucetta chagomms Dendy [1913]. 

There are two specimens in the collection. One (R.N.II.4), which measures 
32 mm. in length, 16 mm. in height, and has an average thickness of 8 mm., 
is compressed and irregular, proliferating into short, nodular processes ; the 
vents, which have slightly prominent margins, are scattered and vary in size 
between 1 and 2 mm. The second specimen (It,N. II. 5 b) consists of three 
small lobose fragments which have been broken off a larger specimen. 

The Abrolhos specimens' agree closely with the type except that the 
ectosome is thinner and the subdermal cavities slightly smaller. Numerous 
embryos are present, the structure of which indicates clearly that the larva 
of Leucetta is a parenchymula. 

Previously known Distribution . Chagos Archipelago, Indian Ocean [Dendy), 

Register Nos. and Locality . II. 4, II. 5 b , Wooded Isle. 

5. Leucetta microraphis Haeckel . 

Leucetta primigenia var. microraphis Haeckel [1872], 

Leuconia dura PolSjaeff [1683]. 

Leucetta primigenia var. microrrhaphis Ridley [1884]. 

Leucetta microrhapkis Lendeufeld [1885], 

Leucandra microrhaphis Dendy [1892]. 

Leucetta microraphis Dendy & Row [1913]. 

The single specimen consists of a small, oblong fragment measuring about 
22 by 10 mm. ; at one end there is a small slit-like vent measuring about 
2 by 1 mm. Colour in spirit light brown ; texture very hard and coarse. 

The skeleton consists of triradiate spicules only; these are of two sines and 
scattered irregularly throughout the sponge except at the surface* where 
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they, are arranged tangentially. The rays of the large triradiates measure up 
to 1*1 by 0*23 mm., those of the smaller 0*18 by 0*013 mm. 

Previously known Distribution . Bermudas (Poltjaeff) ; Australia ( PoUjaeff ’, 
Ridley , Lendenfeld , Bendy). 

Register No. and Locality . VI. 17 &, Sandy Isle. 

6. Leucai/tis olathria Haeckel . 

(For literature and synonymy vide Dendy and Row [1918].) 

There are two very fine specimens of characteristic external form, each 
measuring about 80 mm. in diameter. 

Previously known Distribution . See Dendy [1913]. 

Register No. and Locality . III. 3, IV. 2, Wooded Isle. 

7. Sycon gelatinosum de lilainville. 

(For literature and synonymy vide Dendy and Row [1913].) 

There are six specimens of this common Australian species in the collection, 
usually forming colonies of several or many persons, but varying considerably 
in the size of person and in the way in which the colony branches ; the 
largest person measures 25 mm. in height and 12 mm. in greatest diameter. 

The colour in spirit varies from light yellowish brown to dull greyish 
brown. The oscula are all provided with a fringe of spicules. 

There is one specimen (R.N. VII. 1 d) consisting of a single person only ; 
it is 16 mm. in height and has an average diameter of 7 mm. ; the colour in 
spirit is almost white. 

The internal structure and spiculation of all the specimens are typical. 

Previously known Distribution . Australia (various authors and collections) ; 
Java [Haeckel). 

Register Nos . and Localities . II. 2, II. 5 a, III. 2, III. 13 a, III. 13 b. 

Wooded Isle ; VII. Id , Sandy Isle. 

8. VosMAERorsis mackinnoni n. sp. (PI. 25. fig. 4 ; PI. 26. fig. 6.) 

Sponge (PI. 25. fig. 4) colonial, consisting of a number of short, thick. 

subcylindvical individuals uuited together in an irregular manner along a 
greater or lesser portion of their length. Each individual has a circular or 
oval osculum at its summit ; in perfect individuals a beautiful oscular fringe 
is present, formed of very long, hair-like oxea ; in others this fringe is broken 
off short. The individuals vary rather in size owing to their peculiar 
branching and colonial habit ; an average full-grown person is 15 mm. in 
height and 3 mm. in diameter, the thickness of the wall being 1*3 mm. The 
outer surface is rough and uneven, and large oxea oan be seen projecting 
irregularly from it ; these oxea are more or less absent from the basal portions 
of the sponge, where the surface is much more even and only slightly 
roughened. Colour in spirit pale brown ; texture rather fragile. 

35* 
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Both dermal and gastral cortices are well developed, the former about 0*18 
and the latter about 0*1 mm. thick. Between these lies the chamber layer 
with a thickness of about 1 mm. 

The canal system is “sylleibid,” the elongated flagellate chambers, up to 
0*4 mm. in length, opening into wide exbalant canals, which interdigitate 
with the main inhalant canals running in from beneath the dermal cortex. 
Small, scattered dermal pores lead into much narrower inhalant canals, which 
pierce the dermal cortex to open into the wide outer ends of these main inhalant 
canals. 

The collared cells are apicinucleate. 

The skeleton of the dermal cortex consists of tangentially placed triradiates 
of various sizes, beneath which lie the short rays of the subdermal pseudo- 
sagittal triradiates. 

The skeleton of the gastral cortex consists exclusively of rather slender 
triradiates arranged tangentially, which become strongly sagittal (alate) 
towards the osculum, with the oral arms extended parallel with the margin of 
the latter. 

The skeleton of the chamber layer consists of (1) the contripetally directed 
rays of the large subdermal pseud osagitial triradiates, (2) very large and 
stout subgastral sagittal triradiates, (3) similar triradiates whose paired rays 
lie at a variable distance beneath the gastral cortex, (4) the inner portions of 
the large oxea, whose outer portions project through the dermal cortex. 

Spicules : — (1) Triradiates of the dermal cortex (PI. 26. fig. Gd) ; approxi- 
mately regular, with conical, gradually tapering, sharply-pointed rays, 
measuring from about 0*23 by 0*026 to 0*4 by 0*04 mm. 

(2) Triradiates of the 'gastral cortex (PI. 26. fig. 6 e ) ; approximately 
regular and more or less strongly sagittal; much smaller on the average than 
those of the dermal cortex, with slender, gradually tapering, sharply-pointed 
rays measuring about 0*21 by 0*013 mm. 

(3) Subdermal pseudosagittal triradiates (PL 26. fig. 6 c) ; the three rays 
are all different ; the true basal ray, now forming a false pair with one of the 
orals, is the shortest of the three and straight or nearly so, conical and 
gradually sharp-pointed, measuring, say, 0*21 by 0*026 mm. ; the oral ray 
which forms an apparent pair with the basal is rather longer, measuring, say, 
0*26 by 0*026 mm., and more or less crooked ; the other oral ray, now 
centripetally directed, is much longer and more slender, measuring, say, 0*5 
by 0*02 mm., perfectly straight and gradually sharp-pointed. 

(4) Subgastral sagittal triradiates (PI. 26. fig. 6 b ) ; very large and stout, 
rays conioal, gradually and sharply pointed, oral rays often slightly curved or 
crooked, basal ray (centrifugally directed) longer than orals; oral rays 
measuring, say, 0*41 by 0'04 mm., with basal 0*52 by 0*05 mm., but variable. 

(5) More distal triradiates of the chamber layer (PL 26. fig. 6 b) ; not 
sharply distinguishable from (4), but usually with shorter basal rays and 
straighter orals. 
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(6) Large oxea (PL 26, fig. 6 a), echinating the outer surface of the 
sponge ; stout, curved, often crooked, especially the outer part, the inner 
portion being straighter and tapering more gradually; fairly sharply pointed 
at each end ; measuring up to 1*2 by 0 a 06 mm. 

(7) Oxea of the peristoinial fringe ; very long and slender, hair-like, 
usually broken off ; measuring up to 2*3 by 0*009 mm. ; outer ends hastate, 
very sharply pointed. 

It is quite possible that this species may prove to be identical with one or 
other of two species in the Hamburg South-west Australian collection for 
which the late Mr. How proposed the names Vosniaeropsit dendyi and 
V. primitiva. These names are given in Dendy and liow ? s “ Classification and 
Phylogeny of the Calcareous Sponges ** [1913], but no descriptions have yet 
been published. Beyond the fact that the species in question belong to the 
same section of the genus as V. mackinnoni , it is impossible at the present time 
to say anything about them, us the specimens have been sent to Japan for 
further investigation by I)r. Sanji H ozawa. 

Register JS T o. and Locality. IV. 1, Wooded Isle. 

9. Uhantiopsis cylindrica Dendy. (PL 25. figs^ 5, 6, 7, 8; PL 26. fig. 7.) 

Hypograntia infrequent Carter [188o -(>]. 

Grantiopti $ cylindrica Dendy [189!?, 1893 Aj. 

Grant ioptit cylindrica Dendy & Row [1913]. 

Grantiopsis infrequent Dendj' & Row [1913]. 

There are five specimens in the collection, which vary slightly in size and 
appearance ; each consists of a single person only. 

R.N. I. 1 (PL 25. fig. 8) is typical ; it is attached to a rock by its base, and 
forms a slightly curved, cylindrical tube, 20 mm. long and 5 nun. in diameter, 
with a slightly constricted, terminal osculum, almost without fringe ; the wall 
of the tube is 1 nun. iu thickness. The surface is almost smooth, with a 
characteristic glistening appearance due to the presence of the large 
tangential triradiates. Colour in spirit almost white ; texture firm and 
compact, but brittle. Other typical specimens are shown in figs. 5-7. 

The skeleton arrangement, the form and size of the spicules, and the canal 
system agree closely with those of the type of the species as described by 
Dendy [1892], and a detailed description is therefore not necessary. As, 
however, the spicules have not as yet been figured separately, but only in the 
transverse section given by Dendy [1893 A], we take this opportunity of 
supplementing bis description with the necessary illustrations (PL 26. 
fig- 7, a-h •, vtde also Description of Plates). 

In their “ Classification and Phylogeny of the Calcareous Sponges ” [1913], 
Dendy and Row have pointed out that Carter’s Ilypograntia infrequent is 
undoubtedly a aperies of OratUiopsit, but, according to Mr. ltow’s observations 
on material collected by the Hamburg South-west Australian Expedition, 
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different specifically from <?• cylindrical We are now in a position, however, 
as the result of microscopical examination of the very small, fragmentary type 
in the British Museum, to state that Ilypograntia infrequent and Grantioptis 
cylindrica are specifically identical. This being the case, it might be argued 
that both the generic and the specific names proposed by Carter should take 
priority. 

As to the generic name Ilypograntia , it must be pointed out, in the first place, 
that the diagnosis of this genus contains nothing that is distinctive, and is 
founded upon an obvious error with regard to the structure of the canal- 
system, and, in the second place, that although Bypograntia infrequent is the 
first of six species described in the same paper, it is said to be “ incertat sedit” 
so that it cannot reasonably be regarded as the type of the genus, and as it is 
quite distinct generically from the five remaining species, it seems advisable 
to retain the generic name Grantiopsis (originally regarded as a subgenus of 
Grantia). 

As to the specific name infrequens , it must be pointed out that Carter's 
description of the species is quite unrecognisable. He altogether omits the 
most characteristic feature of the sponge, viz. the reduced tubar triradiates, 
and describes the subgastral quadriradiates as triradiates. It was only the 
fact that we happened to have access to Mr. Carter’s manuscript drawings that, 
put iis on the track of the identification. Even in these drawings the reduced 
tubar triradiates are not shown. Had the identification bet » established 
before the publication of the name Grantioptis cylindrica , it would doubtless 
have been better to call the species Grantiojjsis infrequent , but as the former 
name has now become established in the literature and as Mr. Carter’s species 
was not recognisably described, we see no sufficient reason for reverting to 
his name. 

Previously known Distribution . Port Phillip Heads ( Dendy , Carter). 

Register No. and Locality. I. 1, VI. 17c, VII. la, VII. lb, VII. lc, 
Sandy Isle. 

9 a. Grantiopsis cylindrica Dendy var. fkuticosa nov. (PI. 25. fig. 9.) 

The specimen, which is colonial, branched and bushy, consists of about 14 
persons united together at their bases by short connections ; each person 
forms a slightly curved cylindrical tube with a circular osculum at the 
summit without projecting fringe ; the persons average only 12 mm. in 
length, with a nearly uniform diameter of 3*5 mm. ; they have an almost 
smooth surface, with a characteristic glistening appearance due to the 
presence of the large tangential triradiates. Colour in spirit very pale 
coffee-brown; texture compact and firm. The skeleton arrangement, canal 
system and spiculation agree so closely with those of the typical form that 
no detailed description is necessary. ’ 

The variety differs from the type of the species chiefly in its bushy habit 
and the smaller size of the individual persons, but also in that the dermal 
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cortex forms only about one-third of the total thickness of the tube as com- 
pared with about half in the typical form, while the spicules generally are 
slightly smaller and the rays of the large dermal triradiates somewhat 
shorter and blunter. 

Register No. and Locality . III. 4, Wooded Isle. 

10. Lelapia antiqua n. sp. (PI. 25 . iig. 10 ; PI. 26 . fig. 8.) 

The single specimen, which is attached by its lower end to a piece of 
calcareous debris, measures 20 mm. in height and 10 mm. in greatest 
diameter. It is erect, club-shaped, somewhat curved upon itself and slightly 
flattened in one plane. The single oval oseulum, which measures 3 by 2 mm., 
is nearly terminal in position and has a well-developed, collar-like peristome. 
The surface of the lower two-thirds of the spongs is smooth ; that of the 
upper third is coarsely and unevenly hispid, owing to large projecting 
brushes of long, slender oxea. Colour in spirit light yellowish grey ; 
texture firm. 

The dermal cortex is about 0*42 mm. thick, the gastral cortex about 
0*13 min., and the chamber layer, between the two, about 1*95 mm. 

There appear to be numerous small dermal pores scattered over the surface, 
but now very difficult to recognize. Short and narrow canals lead from the 
surface into large and very irregular crypts in and beneath the dermal 
cortex, from which the rather wide inhalant canals run radially inwards. 
The canal system is typically leuconoid. The flagellate chambers, thickly 
scattered in the clear, gelatinous mesogloea, are oval and about 0*1 mm. in 
longer diameter. The main exlialant canals open radially into the large 
central gastral cavity. 

The collared cells are apicinucleato. 

The skeleton of tiie dermal cortex consists of two very distinct parts : 
(i) several layers of slender-rayed, normal sagittal triradiates, arranged 
tangentially, the whole about 0*085 mm. thick ; (2) a deeper and thicker 
part, consisting of longitudinal bundles of huge oxea, the whole about 
0*34 tnm. thick. The dense brushes of slender oxea that project fiom the 
surface may also be included with the skeleton of the dermal cortex. 

The skeleton of the chamber layer consists of (1) a confused interlacement 
of huge oxea, lying in all directions ; (2) radially or subradially arranged 
fibres or bundles of tuning-fork spicules, with the unpaired rays directed 
outwards ; (3) the basal rays of subgastral sagittal triradiates. 

The skeleton of the gastral cortex consists of several layers of alate 
triradiates lying tangentially but otherwise without definite arrangement, 
backed by the oral rays of the subgastral sagittal triradiates. 

The skeleton of the peristome is rather remarkable ; there is no fringe of 
freely projecting spicules, but a thin peristomial membrane supported by a 
dense but approximately single layer of huge oxea, which are really a 
continuation of the deeper skeleton of the dermal cortex, lined by a layer of 
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alate quadriradiates with short apical rays, forming a continuation of the 
gastral skeleton, but with the paired rays arranged more regularly, parallel 
with the oscular margin. 

Spicules : — (l) Normal sagittal triradiates of the dermal cortex (PI. 86. 
fig- 8 <0 5 with slender, gradually sharp-pointed rays ; the oral angle is very 
wide and the oral rays measure about 0*23 by 0*Q14 mm. ; the straight basal 
ray is longer than the orals and measures, say, 0*4 by 0*013 mm. 

(2) Subgastral sagittal triradiates (PI. 26. fig. 8 <?') ; these are like the 
normal sagittal triradiates except that the rays are stouter and the orals more 
distinctly recurved ; the orals measure up to 0*3 by 0*026 mm., with the 
basal 0*5 by 0*03 mm. 

(3) Laterally extended (alate) triradiates of the gastral cortex (PI. 26. 
fig. 8 d) ; the oral rays are straight or very slightly recurved, gradually 
sharp-pointed, measuring up to G’31 by 0*016 mm., and the oral angle is so 
wide that the rays are almost in the same straight line ; the basal ray is very 
short, straight and conical, measuring about 0*04 by 0*01 mm. 

(4) Alate quadriradiates of the peristome (PI. 26. fig. 8 e) ; these are 
similar to the alate triradiates, with tbe addition of a very short, straight, 
sharp-pointed apical ray. 

(5) “Tuning-fork” spicules (PI. 26. fig. 8/); with straight, slender, 
gradually sharp-pointed rays ; the basal ray is the longest and stoutest, 
measuring about 0*4 by 0*009 mm.; the two oral rays, which are slightly 
unequal in length, run straight forward parallel to one another ; the longer 
of the two measures about 0*21 by O’OOfi mm. 

(6) Large stout oxea (PL 26. fig. 8a) ; fusiform, slightly curved, some- 
times a little irregular in shape and diameter, tapering gradually to a sharp 
point at each end ; full-grown spicules measure up to 2*0 by 0*09 mm. 

(7) Slender oxea of the dermal brushes (PI. 26, fig. 8 b) ; straight or very 
slightly curved, gradually sharp-pointed, sometimes slightly hastate, 
measuring up to 1*6 by 0*007 mm., but often less. 

This species closely resembles Lelapia australis Carter, as described and 
figured by Dendy [1893 B], but differs in tbe absence of microxea (“ mortar 
spicules ”) and in the presenoe of a definite layer of large, longitudinally 
placed oxea in the deeper part of the dermal cortex. Tn ihe latter respect it 
occupies an intermediate position between Lelapia australis and Lelapia 
nipponica , a remarkable Japanese species described by ilara [1894]. We 
have been unable to obtain access to the description of this species, but, 
thanks to the kindness of Dr. Hdzawa, have been able to examine a number 
of transverse sections *. It is obvious that Lelapia nipponica is a much more 
primitive species than L. australis. The bundles of “ tuning-fork ” spicules 
are arranged almost strictly radially, with tbp unpaired rays centrifugally 
directed, and clearly represent the articular tubar skeleton, though the canal 

, , • Since this paper was read, Dr. Hdsawa [1923] has published an illustrated description 
of the Japanese species and proposed for it file new genus Jfarakkqpia. 
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system is already of the leuconoid type. The large oxea are confined to the 
dermal cortex, where they form a well-defined layer, and have not yet invaded 
the chamber layer as in L . australis and, to a less extent, in L. aniiqua . 
There are other minor differences distinguishing L . nipponica from either of 
the Australian species, but the material in our possession is not sufficient to 
elucidate all these. 

It is clear that Lelapia antiqua is intermediate in structure between the 
more primitive L . nipponica and the less primitive L. australis , and it is 
interesting to note that it also occupies an intermediate position geographi- 
cally, L. australis having been found so far only off the Victorian coast. 

Register No. and Locality. VII. le , Sandy Isle. 

11. Dbrcitopsis minor Bendy [191GB]. 

There is one specimen in the collection. The sponge, which measures 
42 mm. in length, 25 mm. in breadth, ami has an average thickness of 7 imn., 
forms an irregular, oval, cushion-like mass, concave below, and probably grew 
on the back of a crab. The margins are broadly rounded. The surface is 
smooth and minutely punctate. The vents are small and few in number, 
scattered singly over the upper surface. Inhalant pores are closely scattered 
over the surface. Colour of surface in spirit varying from light brown to 
dark slate-grey, internally dull yellow ; texture firm and compact. 

The skeleton consists of a dense feltwork of loose spicules irregularly 
arranged except at the surface, where there is a dermal layer of perpendicu- 
larly arranged oxea. The spiculation agrees closely with that of the type. 

The ectosome and choanosoine are not sharply differentiated, but the 
former contains many more spicules. There is no fibrous tissue in the ecto- 
some. The mcsogloea of the choanosome is finely and uniformly granular. 
The dermal pores lead into short inhalant canals, which penetrate the ecto- 
some and lead into large crypts from which the inhalant canals of the 
choanosoine originate. The canal system is diplodal, not eurypylous as 
described for Derdtopsis ceylonica Bendy. The flagellate chambers are large 
and ponch-like, with ti short wide aphodus and a short narrow prosodus ; 
they measure about 0'04 mm. in longer diameter. The exhalant and inhalant 
canaliculi of the chambers are lined by flattened epithelium, the nuclei of 
which can be seen. The collared cells are apicinucleate. Small round 
testes are scattered in the deeper parts of the choanosome, in which 
spermatogenesis is clearly shown. Tailed spermatozoa are present. There 
is no trace of ova, so the species is probably dioecious. 

Previously known Distribution. Indian Ocean (^J)endy). 

Register No. and Locality. II. 1, Wooded Isle. 

12. Beroitopsis mammillarxs (Lendenfeld ) . 

JPtakinastrella tnatnmiUaris Lendenfeld [1900]. 

JDerdtqpm mammiUaris Bendy [1916 B ]. 

The single specimen is of depressed cushion-like form, and has apparently 
been attached by a broad base to the vertical side of a rock, for two large 
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oval vents, 3*5 mm. in diameter, with slightly prominent margins, occur on 
one edge. Microscopic inhalant pores are thickly scattered over the smooth 
surface. Colour in spirit light greyish brown ; texture firm and compact. 

The skeleton consists of a thick feltwork of loose, irregularly arranged 
spiculeB. There is a dense layer of oxea at the surface, largely but not 
entirely radially arranged. 

Spicules : — (1) Tetracts ; with smooth, sharp-pointed rays measuring from 
0*093 to 0*2 mm. in length and from 0*018 to 0’04 mm. in thickness. 

(2) Diacts (oxea) ; smooth, fusiform, slender, slightly curved, gradually 
sharp-pointed, sometimes with a kink or an enlargement near the middle, 
measuring from 0*06 to 0*14 nun. in length and from 0*004 to 0*005 mm. in 
thickness. The oxea are more numerous than the tetracts. Triacts aro absent. 

The dermal pores lead into short, narrow, inhalant canals piercing the 
densely spiculated ectosome, beneath which they unite to form sub-cortical 
crypts from which the inhalant canals of the choanosome originate. Tlie 
canal system is diplodal, the aphodi and prosod i being longer and narrower 
than in Dercitopsis minor Dendy. The flagellate chambers are sub-spherical, 
measuring about 0*04 mm. in diameter. The narrow cxlialant canals gradually 
pass iuto wider ones, which in turn open into the wide ocular tubes. The 
main inhalant canals are surrounded by collencliymatous mesoglma devoid of 
spicules ; the main exhalant canals are probably like the inhalant, hut as no 
sections have been taken through a vent this cannot be proved. The meso- 
glooa between the chambers is finely granular. 

Testes are irregularly scattered in the choanosome ; they are rounded sacs 
lined by an epithelium and containing various stages in the development of 
spermatozoa. Segmenting embryos are also present ; the sponge is therefoie 
hermaphrodite and presumably protogynous. 

Premously known Distribution . West coast of Australia (Lendenfeld). 

Register jS’o. and Locality . II. 13 , Wooded Isle. 

13. Stellbtta brevis lletitschel [1909]. 

The single specimen, a cushion-like muss which has probably been torn off 
a rock, measures 38 mm. in length, 25 mm. in breadth, and 15 mm. in 
thickness. Surface smooth but finely granular. Oscula not visible. The 
surface colouring in spirit varies from a very light brown to a violet-grey, 
that of the interior is light brown. 

The sponge possesses a well-developed cortex. Immediately beneath the 
surface is a thin layer of strongylasters, then comes a non-fibrous portion 
filled with minute brown pigment granules and containing inhalant chones ; 
below this is a light-coloured, non-pigmented, fibrous layer. Between the 
cortex and the choanosome aro large sub-cortical crypts. The choanosome, 
in which oxyasters are thickly scattered, contains narrow inhalant 
canals. 
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The skeleton, which agrees closely with that of Hcntschel's South-West 
Australian specimen, consists of radially arrauged bundles of plagiotriaenes 
and oxea ; in the deeper parts there is less regularity. The spicules resemble 
closely those of the type in size and appearance. 

.Previously known Distribution . Sharks Bay, S.W. Australia ( llentschel ). 

Register No . and Locality . VI. 8, Sandy Isle. 

14. Stelletta debilis Thiele . 

Stelletta debilis Thiele [1900]. 

Stelletta debilis Lendenfeld [1903]. 

The single complete specimen is sub-spherical in shape, measuring 15 mm. 
in diameter, There is a single oval osculum, 2 mm. long and 1 mm. broad, 
near the point of attachment of the sponge to a piece of rock. Inhalant 
pores are thickly scattered all over the slightly roughened surface between 
the cladi of the trisenes. Colour in spirit light brown ; texture firm and 
compact, but compressible. 

There is a slightly fibrous cortex, and the skeleton is radially arranged and 
quite typical. 

Spicules : — (1) Orthotriaenes ; shaft straight or nearly straight, tapering 
gradually to a sharp point, measuring 1*35 by 0 020 mm. ; cladi sharply 
pointed, recurving at once so as to extend at right angles to the shaft, 
measuring 0*16 mm. in length. 

(2) Anatrisenes ; these frequently project beyond the surface of the 
sponge ; shaft long, slender, slightly curved, measuring 1*3 by 0*015 mm. ; 
cladi well developed aud markedly recurved, measuring 0*052 mm. in length. 

(3j Oxea ; fusiform, usually curved, sharp-} jointed, measuring 1*1 by 
0*02 mm.; these are most abundant in the deeper parts of the sponge. 

(4) Oxyasters ; with 6 to 10 slender, sharp-pointed rays and no distinct 
centrum; diameter 0*017 mm.; these are scattered sparsely throughout 
choanosome and eclosome. 

Previously known Distribution . Ternate ( 'Thiele). 

Register No. and Locality. II. 16, Wooded Isle. 

15. Stelletta siGMATRiiENA Lendenfeld [1906]. 

There are two small, complete specimens, sub-spherical in shape, 12 and 
8 mm. in diameter respectively. Inhalant pores, visible with a lens, are 
scattered evenly over the smooth surface. Each specimen has one minute 
oval osculum lying in a slight depression. Colour in spirit buff. 

The skeleton consists of radially arranged oxea and trisenes, not concen- 
trated into bundles. Just beneath the surface the cladi of the trisenes form 
a sharply-defined layer ; their shafts pierce the region of the chones, which 
is cladome-free. In the choanosome are radially placed anatrisenes, 
orthotrisenes in various stages of development, and less regularly arranged 
oxea. 
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Spicules : — (1) Orthotrisenes ; shaft straight, gradually ]>ointcd, measur- 
ing about l a l by 0*015 mm. ; the cladi, which are about 0*3 mm. long, at 
first form with the shaft an angle of about 120°, but somewhere along their 
length they abruptly turn baok so that their distal ends are at right angles to 
the shaft. 

(2) Anatricenes ; shaft straight, gradually tapering to a sharp point, 
measuring about 1*1 by 0*03 mm. ; the sharply-pointed cladi, which are 
about 0*15 mm. long, curve outwards almost at right angles to the shaft and 
then run back parallel to it. 

Our specimen contains only a few of the irregular orthotriiencs and of the 
sigma-like anatriames figured by Lendonfeld in his 4 Valdivia ’ report. 

(3) Oxea ; straight or slightly cuncd, bluntly pointed, measuring about 
1*1 by 0*015 mm. 

(4) Oxyasters ; of two kinds — {a) large, with 2 to 0 fairly stout, roughened, 
bluntly pointed rays, total diameter about 0*02 nun. ; these are most abun- 
dant just beneath the inhalant cliones: (/;) small, with G to 10 thin, verj 
minutely roughened rays; total diameter 0*014 mm. These are scattered 
through the choauosome, but not abundantly. 

Previously known Distribution . Dirk Hartog, W. Australia (Lrndenjeld). 

Register JSos. and Localities. IV. 8, Wooded Isle ; VI. 18 r, Sandy Isle. 

1G. Ancoiuna austba liknsis (Carter). (PI. 25. fig. 1 1.) 

Ntelletta australieims Carter [1883]. 

1 Ecionema amtrahtmc Sollas | lh8b |. 

Anorn ina amtralitnsis Lead enfold [1903]. 

There are four specimens .in the collection. Tlio largest (H.N. VI. G a ; 
PI. 25. fig. U) foims an incomplete cone, 40 mm. in height, with a base 
measuring 60 by 70 mm. ; the apex is truncated, and over the flattened area 
thus formed, which measures 40 by 25 mm., ure scattered numerous open 
vents which \aiy in diameter from 0*25 to 1 mm. Part of the side of the 
cone is encrusted by Spongelia dakini n. sp. The second specimen (R.N. I. 3) 
is irregularly massive and measures 80 by GO by 50 nun. ; its upper surface 
is almost entirely covered by an encrusting Jtemera and a mass of othm 
d6bris. The third specimen (R.N. II. G) measures 40 Ln 45 by 25 mm., and 
is largely overgrown by a mass of other organisms. The fourth (ll.N. 111. G) 
an irregular, cake-sliaped mass, measures 85 by 50 by 40 mm . ; its upper 
surface is uneven and slightly wrinkled. 

No vents are visible except in the figured specimen; inhalant pores, 
visible with a pocket lens, are scattered in groups of two or three over the 
smooth upper surface of all the specimens ; they are most marked in the 
figured specimen. Colour in spirit purplish brown on outside, light yellowish 
brown inside ; texture firm and compact. 

The skeleton consists of radially arranged triames and oxea, with a layer 
of small ectosomal oxea vertical to the surface. The microrhabds are 



SPONGES FROM THE ABROLHOS ISLANDS. 


493 


thickly scattered through the ectosome and choanosome, as well as forming 
a well-developed dermal layer. Large brown pigment granules are 
scattered throughout all four specimens. 

The form and size of the spicules agree closely with Sollas’s description 
of Carter’s specimen. 

Previously known Distribution . Fremantle, West Australia ( Carter ). 

Register Nos . and Localities . VI.. 6 a, Sandy Isle; I. 3, Turtle Bay; 
II. 6, III. 6, Wooded Isle. 

17. Ancorina brevidens n. sp. (PI. 26. fig. 9.) 

The single specimen, which is about GO mm. long, 40 mm. wide, and 
20 mm. thick, is massive and potato-shaped ; at one end is a group of 
about twenty small, close-set oscula, which average about 1 mm. in diameter. 
The surface is smooth, a large portion of it being covered with foreign matter 
of varying kind. Colour in spirit purplish grey ; texture hard, compact, 
slightly compressible. 

The ectosome forms a cortex about 0'5 mm. thick, with numerous 
cortical crypts in its deeper portion ; the cortex appears to be only slightly 
fibrous, but contains numerous brown granular pigment cells, which occur also 
in the outer portion of the choanosome. 

The main skeleton consists of close-packed, radial bundles of oxea and 
trifenes ; the cladi of the triames occur at various levels in and just below 
the cortex, but chiefly just beneath the surface. The outer part of the cortex 
contains numerous comparatively small, slender, radially arranged oxea. 
There is a dense dermal layer of microrhabds, and both microrhabds and 
tylasters are abundantly scattered through ectosome and choanosome. 

Spicules : — (1) Orthotri#enes (PI. 26. fig. 9 a) ; shaft long, straight or 
slightly curved, tapering gradually to a fine point (sometimes blunted), 
measuring about 2*2 by 0*05 mm. ; cladi gradually but bluntly pointed, 
measuring about 016 by 0*04 mm. 

(2) Anatrimnos (PI. 26, fig. 9 b ) ; shaft very long, slender, tapering very 
gradually to a finely pointed or blunted extremity, measuring about 3’0 by 
002 mm. ; cladi very much reduced in length, bluntly pointed, measuring 
about 0*026 by 0*017 mm. 

(3) Oxea of two sizes ; the larger (PI. 26. fig. 9 c) fusiform, curved, 
gradually and sharply pointed, measuring about 2*3 by 0*04 mm. ; the 
smaller (PL 26. fig. 9 c') found only iu the cortex, straight, sharp-pointed, 
measuring about 0*34 by 0*009 mm. 

(4) Microrhabds (Pl. 26. fig. 9 d) ; roughened, slightly swollen in centre, 
measuring about 0*011 by 0*003 mm.. 

(5) Tylasters (Pl. 26. fig. 9 e) ; some have 6 to 8 slender rays with very 
small heads and no centrum ; others, which are slightly smaller, have more 
rays and a small centrum ; the average diameter of the entire spicule is 
0*013 mm. 



494 


PROF. A. DENDY AND MISS L. M. FREDERICK ON 


This species is evidently very closely related to Stelletta truncata Kieschnick 
[1898] szAncorina amboinensis Lendenfold [1903], from Amboina, in the 
Malay Archipelago, differing in the great abbreviation of the cladi of the 
trisenes, especially of the anatrisenes. 

Register No. and Locality. VI. 16 b , Long Island. 

18. Aurora rowi Dendy [1916 B]. 

There are three lobose pieces which have probably been attached to rock ; 
the largest measures 40 mm. in length, 20 mm. in breadth and 15 mm. in 
thickness ; it has a bit of branching coral growing through it. The surface is 
sub-glabrous and crumpled, with irregular grooves of varying depth running 
across it. The oscula, which are few in number and single, lie at the apices 
of small rounded prominences ; they vary in size, the largest being 2 mm. in 
diameter. Inhalant pores are scattered singly over the surface. Colour in 
spirit chocolate-brown ; texture compressible but fairly compact. 

The skeleton arrangement and spiculation agree with those of the type 
specimen, the only difference being the occasional occurrence of irregular 
branching of the cladi of the orthotrisenes ; this is not sufficient, however, 
to justify a specific distinction. 

Previously known Distribution. Seychelles (Dendy). 

Register No. and Locality. II. 8, Wooded Isle. 

19. Asteropus simplex [Carter]. 

(For literature and synonymy vide Dendy [ 19J 6 B] . ) 

The single specimen is an, irregular, cake-shaped mass, about 80 mm. in 
maximum diameter. The upper surface is uneven, somewhat ridged and 
depressed at intervals ; a number of open vents, 1 mm. in diameter, are 
scattered over it. Colour in spirit purplish brown ; texture firm, compact, 
coarse. 

The skeleton arrangement and spicnlation agree with those of the 4 Sealark ’ 
specimen, and need not be described. 

Previously known Distribution. Fremantle and Port Phillip Heads, 
Australia ; Hayti ( Carter ) ; S.W. Australia ( Hentschel ) ; Indian Ocean 
{Dendy) . 

Register No. and Locality. VI. 5, Sandy Isle. 

20. Erylus proxibius Dendy [1916 B]. 

The single specimen, an irregular lobate mass, is 28 mm. in length, 22 mm. 
in breadth and 15 mm. in thickness. The surface is uneven and punctate, in 
parts covered with calcareous dtbris. Scattered singly over an irregular 
area, near the end where the spoftge was probkbly attached, are many minute, 
widely open, dermal pores, while over the major portion of the rest of the 
sponge are numerous white specks, giving the surface its punctate appearance; 
these are probably closed inhalant pores. On a prominent part of the upper 
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surface is a single, round, open vent, 1*5 mm. in diameter. Colour in spirit 
light greyish brown ; texture hard and compact. 

The arrangement, form and size of the spicules are similar to those of the 
type specimen. 

Previously known Distribution . Cargados, Indian Ocean (Bendy). 

Register No. and Locality. VI. 12 a, Bandy Isle. 

21. Donatia robusta ( Bowerbank ). 

Tethea robusta Bowerbank [1878]. 

Tethya gbbosUUata Lendenfeld [1897]. 

Tethya cliftoni Kidley [1884], 

Tethya imjalli Kirkpatrick [i900]. 

Donatia arahica Topsent [1 906]. 

Donatia japonica var. albanensis Hentsckel [1909J. 

Tethya lyncurium ltow [1911]. 

Donatia ingatti Dendy [1916 B]. 

Donatia globostellata Topsent [1918]. 

(See M. Burton [1923] MS.) 

There are three specimens in the collection, greyish white in colour, 
ranging from 20 to 26 mm. in diameter. The surface of each is only slightly 
tessellated. 

The skeleton consists of radially arranged bundles of typical strongyloxea 
which spread ont beneath the surface in brushes; loose, radially arranged 
megasclores lie between the bundles. 

Spicules : — (1) Strongyloxea ; measuring about 1*62 by 0*028 mm. 

(2) Spherasters; these form a dense cortical layer; they have a large 
centrum and short conical rays ; diameter about 0*1 mm. 

(3) Small asters ; with short rays which may either bear a crown of 
short spines or be beset with numerous small spines ; the total diameter is from 
0*012 to 0*016 mm. These are found in the cortex and the choanosome. 

(4) Small asters ; with long rays which may either end in a sharp point 
or be spined terminally. These are confined to the choanosome ; but there 
are many intermediate forms scattered through the sponge. 

This species is undoubtedly very closely related to Donatia lyncurium 
(Linnaeus), from which it differs in the large size of the spherasters and the 
greater differentiation of the small asters. 

Previously known Distribution . Red Sea (Row, 2 opsent) ; Indian Ocean 
(Dendy 9 Lendenfeld , Ridley , Kirkpatrick) ; Australia (Ilentschel). 

Register Nos. and Localities. II. 11, Wooded Isle ; VI. 7, VI. 19, Sandy 
Isle. 

22. Donatia multistblla ( Lendenfeld ). 

Tethya muUisteUa Lendenfeld [1888]. 

Tethya multistelta Hallman [1914]. 

This species is represented by one small, sub-spherical specimen, greyish 
white in colour, 12 mm. in diameter ; and a fragment of another, pale brown 
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m colour and apparently about 30 mm. in diameter. Tbe surface of the 
former is only slightly tessellated, while that of the latter, as far as can be 
judged, is fairly smooth but uneven. The cortex of both is lacunar and not 
densely charged with spicules. 

The skeleton consists of radially arranged bundles of strongyloxoa, which 
penetrate the cortex and spread out in blushes beneath the surface ; loose 
radially arranged mega sc lores are scattered between the bundles. 

Spicules : — ( 1 ) Strongyloxea of the usual type, measuring about 1'26 by 
0*016 mm. 

( 2 ) Spherasters ; about 0*06 mm. in diameter, with conical, sharp-pointed 
rays, nearly as long as the diameter of the centrum. 

( 3 ) Small asters of cortex and choanosomo ; these range from tylasters, with 
the ends of the rays beset with .small .spines, to 0x3 asters. Thediametei of the 
small aster varies from 0*01 to 0*012 111111. 

This species is undoubted!) closely iclated to JJonatia robust a (Bowerbank), 
but differs from it in the size of the spherasters and in small differences 
in the small asters. 

Previously known Distribution . Port Jackson, N.S.W (Lend en f eld n Ilall - 
mann) ; Port Phillip Heads (llentsdul). 

Jleguter Nos. and Locality . VT 17 a, VII. 1 /*, Sandy Isle. 

23 . Chonorilla atstratjensis Cartel . 

(F 01 literature and sjiiommy vnh l)end\ T 191 (5 111 ) 

There are two small specimens in the collection ; one is huff-coloured in 
spirit, the othei liver-brown. The external foim and spiculntion agree closely 
with those of the t) pc. 

Previously known Distribution. Poit Jackson, E. Coast of Australia 
( Carter , Lendcnfeld) ; Sharks Bay, S.W. Australia ( HenUchel ) ; coast of 
Cochin China (Lindgren) ; Okhaumndal, O>lon, Indian Ocean (Dendy). 

Register Nos. and Localities. VII. 4 u, Turtle Bay ; VIII. 1, Sandy Isle. 

24 . Kkmiera aqi ADI ci us 0 . Schmidt. (PI. 25. fig. 12.) 

Rentera aqua ductus Schmidt [1862]. 

Remeia aquaduitu* Kolliker [1864]. 

Itemera aquaductun Czerniavsky [1878] 

Rentera aryueduetns Swartschewsky [1906] 

Rentera aqu&ductu s Ostroumov [1898] 

Renura aquaductus Babio [1921, 1922 J. 

The single specimen (PI. 25. fig. 12), which measures 55 mm. in height, 
is erect, tabular and thin-walled ; at the upper end it divides into two short 
tubes, each of which terminates in a largo round osculum 3 mm. in diameter. 
Inhalant apertures, visible with a pocket lens, are scattered over the smooth 
surface. Colour in spirit greyish brown ; texture delicate, spongy, fragile. 
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The skeleton consists of a somewhat rectangular, unispicular reticulation ; 
towards the outer surface the spicules become concentrated into plurispicular 
fibres running vertically to the surface. 

Spicules : — Oxoa ; small, smooth, straight or slightly curved, sharply 
pointed, measuring about 0*23 by 0'008 mm. 

Previously known Distribution . Adriatic ( Schmidt , Babiv ) ; Black Sea 
( Czern iavsky , Swartschewsky ) . 

Register No . and Locality . VII. 3, Abrollios Islands. 

25. Reniera cribricutis Dendy [1921 B], 

There are two specimens in the collection, one (R.N. VII. 1 //), the colour 
of which is almost white in spirit, agrees very closely in all respects with the 
type-specimen, except that it is smaller, measuring 25 mm. in length and 
10 mm. in diameter, and has only a single vent, 5 mm. in diameter. 

The second specimen (R.N. VIII. 2) consists of two fragments, lobate in 
appearance, each possessing one large, round osculnm, about 4 mm. in dia- 
meter, with a slightly raised margin, opening out of a wide oscular tube. 
This specimen, which is light brownish yellow in colour, does not conform 
so closely to the type, the subdcrmal cavities being smaller and the primary 
lines of the skeleton less differentiated. We feel justified, lumever, in 
making Ihe identification. 

The spicules of the Abrolhos specimens are of much the same size as those 
of the type, measuring about 0*14 by 0*006 nun. 

Previously known Distribution . Amirante. Indian Ocean {Dendy). 

Register No. and Locality. VII. lg, VIII. 2, Sandy Isle. 

26. Kkniera TERMOLLIS ( fiowerhank ). 
lsodiefya permollts Bowerbank [1800, 1874, 1882]. 
lieniera pennollis Topwent [1888]. 

Reniera yermullis Bendy [191 (> A], 

We identify with this species seven specimens of an encrusting’ nature 
which vary considerably in size and general appearance. The surface is 
slightly hispid, and the large subdermal cavities can be seen through the thin 
dermal membrane, which is almost aspiculous. The oscula are small, single 
and scattered, measuring up to about 3 mm. in diameter. The colour in 
spirit varies from light yellowish brown to nut-brown ; texture in most cases 
very soft and friable, that of R.N. VI. 17 d and R.N. VI. 17 e firm and 
compact. 

The skeleton arrangement and spiculation agree closely with those of 
specimens from Okhamandal, but the tendency to form primary lines is not 
so strongly marked. 

Previously known Distribution. European seas { Bowerbank , Topsent ); 
Okhamandal, Indian Ocean (Dendy). 

MSN. JOTON. — JSOOLOGY, VOL, XXXV. 
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Register Nos., Localities , etc. VI. 17 d, VI. 17 e, Bandy Isle ; II. 7 6, 
III. 11, IV. 6, IV. 7, IV. 10, Wooded Isle. 

Reniera spp. 

There are also in the collection a number of more or less fragmentary 
specimens representing other species of this difficult genus. 

Register Nos Localities , etc . I. 3, VII. 4 b, Turtle Bay ; VI. 14, VI. 15 6, 
Bandy Islo. 

27. Petrosia dura (Nardo) Vosmaer [1887]. 

JRmtera dura Nardo. 

Remet'a ? dura Nardo, Schmidt [18621. 

Schmidtia dura Balaamo Crivclli [1866]. 

Schmidtia dura Schmidt [1808]. 

Petrosia dura Topsent [1897], 

Petrosia dura Ferrar [1914]. 

Petrosia dura Babic [1921, 1922]. 

The single specimen in the collection consists of a somewhat irregularly 
shaped, digitiform fragment, 40 nun. long and 10 miu. thick, which had 
probably been growing erect and has evidently been cut off transversely from 
a larger sponge. The surface is smooth, and the dermal membrane, which 
is thin but distinct, is pierced by inhalant pores visible with a lens. There 
are two round oscula, 2 mm. in diameter. Colour in spirit light reddish 
brown ; texture hard but brittle. 

The skeleton arrangement and spiculation agree closely with those of one 
of Schmidt’s specimens in the British Museum. 

The spicules are oxen, which show a great tendency to become rounded off 
at one or both ends ; they measure about 0 35 by 0*015 mm. 

Previously known Distribution . Adriatic ( Schmidt , Babic) ; Mediterranean 
( Balsamo Crivelli , 7 opsent) ; Oantabrico (Ferrar). 

Register No. and Locality . VI. 16a, Long Island. 

28. Halichondria phakeluoides n. sp. (PI. 26. fig. 10.) 

The single specimen consists of a portion of an erect lamella, 190 mm. in 
height, 75 mm. in width, with a maximum thickness of 8 mm„ constricted 
towards the base of attachment so as to form a very short, thick stalk. The 
lamella, which has a narrow, very slightly sinuous margin, appears similar 
on both surfaces, but one has been somewhat cracked and rubbed. 

The surface is smooth and practically even, covered everywhere by a very 
thin, transparent dermal membrane (rubbed off in places), which contains 
numerous irregularly and loosely scattered tangential oxea. The dermal 
membrane is dotted with numerous small, round pore-areas, the pores 
themselves apparently being closed. The oscula are very inconspicuous ; 
they may be represented by minute apertures at the apices of several small 
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prominences which are sparsely scattered over both surfaces of the sponge. 
The colour in spirit is light brownish yellow ; texture tough, flexible, 
resilient. 

The skeleton consists of loose tracts of spicular fibre running longitudinally 
and confined to the middle of the lamella; at right angles to these on 
both sides still looser and less well-defined fibres run outwards ^towards the 
surface, where they terminate in loose brushes of spicules, which help to 
support the dermal membrane. 

Numerous loose spicules lie scattered everywhere between the fibres. 
There is a fair quantity of spongin present, but so pale in colour that it is 
almost invisible in unstained preparations. 

Spicules : — Oxen (PI. 26. fig. 10 a) ; usually slightly curved or angulated 
and tapering somewhat abruptly at each end to a sharp point ; measuring 
about 0*58 by 0*017 nun. when fully grown, but frequently shorter and 
especially more slender. These spicules occasionally become stylote, with 
one end "broadly rounded off (PI. 26. fig. JO A). 

Ilalkhondria phakellioides seems to coine very near <o Jlalkhotulria vela - 
mentosa (Hansen) Lund beck [1902], a remarkable fact considering that 
the former is a shallow-water, sub-tropical form, while the latter is found in 
deep water in the Arctic regions. 

Register So . and Locality. VI. 1, Sandy Isle. 

29. Off AMNA PALMATA (Lamarck). 

Sponrjia palmata Lamarck [1913]. 

Chalina palmata Kidlev & Dendy [1887]. 

CladochaUna euplar Lendenftdd [1887]. 

ChaUm palmata Wliitelegge [1901]. 

P Ceraochalma retiannatn Dundy [1 905]. 

There are three small, incomplete specimens in the collection. The sponge 
is of erect lmbit, and consists ©f irregular, digitate processes arising from a 
narrow base and sometimes branching. The surface is fairly even, slightly 
hispid, and has a distinctly reticulate appearance. The thin, transparent 
dermal membrane is pierced by numerous round inhulant pores, which vary 
considerably in size. The small, round oseula measure up to 2 mm. in dia- 
meter, and are for the most part arranged unisonally on the margins. Colour 
in spirit light brown : texture spongy, tough and fibrous. 

The skeleton arrangement agrees closely with that of Chalina palmata 
Ridley and Dendy [1887], except that the dermal reticulation of spicular 
fibre has a somewhat smaller mesh. 

Spicules i — Oxea ; short, slightly curved, gradually sharp-pointed, measuring 
about 0*07 by 0*004 mm., but often more slender. 

After re-examining the type slides of CeraocJialina retiamnata Dendy 
[1905], we think this species may also be identical with Chalina palmata 
(Lamarck). 

3 <>* 
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Previously known Distribution, Indian and European Seas ( Lamarck ); 
Torres Strait ( Challenger ) ; New South Wales ( Lendenfeld , Whitelegge ). 

Register If os. and Locality. 11. .‘1, II. 14, II. 17, Wooded Isle. 

Ohamna sp. 

The single specimen, which measures 40 mm. in height and has an average 
diameter of 10 mm., is erect, shortly digitiform, slightly compressed, with a 
single round osculnm, 3 mm. in diameter, at the apex, to which two long 
osonlar tubes converge. Surface smooth, minutely punctate ; inhalant pores 
close-set, about 0'04 nun. in diameter. Texture firm, compact, resilient. The 
specimen is almost black on the outride and brown inside, owing to the 
presence of numerous pigment granules. 

The skeleton is very regular ; a transverse section shows numerous parallel 
primary fibres, about 0 - 0<> mm. in diameter, containing a core of well-developed 
spicules, usually arranged multiset iallv and surrounded by a thick coating of 
spongin. The pritnaty fibres are connected crosswise at \ orv frequent 
intervals by secondary fibres of less than one spicule's length and usually 
with only a single spicule in the axis. A few loose spicules are scattered 
between the fibres. The spicules at the ends of the primary fibres pierce 
the dermal membrane, which is also supported b) a close-meshed network of 
unispicular fibre. 

Spiculesi — Oxea; fusiform, slightly cuived, gradually sharp-pointed, 
measuring about 0*14 by 0’007 mm. 

Register No. and Locality. III. 1, Wooded Isle. 

Pachychalina sp. ? 

There is a small, delicate fragment, light brown in colour, which evidently 
belongs to this genus. 

Register No. and Locality. II. 10, Wooded Isle. 

30. (lEUAOCB ALINA multiformis Lendenfeld var. manaauknsj.s Dendy. 

(For literature and synonjuiy vide Deudy [1005].) 

We identify with this variety four pieces which have apparently formed 
part of an erect, flattened, lamellar specimen, with an irregularly undulating 
and proliferating surface. The largest piece is 83 mm. high and 55 mm. 
wide, and the thickness of the lamella is about 0 mm. The surface is 
glabrous, and tbe thin dermal membrane is pierced by numerous inhalant 
pores. The oscula, which measure about 2 mm. in diumeter, are fairly 
numerous und scattered, but confined almost entirely to one surface of the 
lamella, while some are marginal in arrangement. The colour in spirit is 
dirty greyish violet j texture firm, rather tough and resilient. 

The skeleton arrangement and spiculation agree very closely with those of 
the type of the variety, so uo description is necessary. 



SPONGES PROM THE AftUOLHOS ISLANDS. 


501 


Previously known JJistrilmtion (of variety )• Gulf of Manaar and Ceylon 
(Bendy), 

Register No. and Locality . I. 2, Turtle Bay. 

31. Phlceodictyon abrolhosensis n. sp. (PI. 26. fig. 11.) 

The single specimen, which is about 45 mm. long, 35 mm. wide and 
12 nun. thick, is somewhat flattened, cake-shaped, and has probably been 
attached to a rock by its slightly concave under surface. The smooth, 
convex upper surface gives off numerous very thin-walled fistula? of varying 
sizes, the largest being about 15 mm. in length. The diameter of the 
fistulas is from 3 to 5 mm. ; some of the smaller ones end blindly ; these 
either bear inhalant pores or are young stages of the larger ones, which 
terminate each in a wide vent. The body generally is covered with a thin 
rind (dermal membrane), which easily peels off. Colour in spirit greyish 
brown ; texture internally very soft and spongy, distinctly fibro-reticulate. 

The skeleton of the interior consists of a loose, irregular, wide-meshed 
network of multispicular fibre, averaging about 0-065 mm. in diameter. 
The fibres are compact, the spicules being surrounded by a good quantity of 
pale-coloured spongin. Numerous loose spicules, mostly arranged in small 
bundles of one spicule’s length, are scattered through the soft ground 
substance, which also contains many small brown pigment granules. 
Immediately beneath the surface and parallel with it is an irregular reticu- 
lation of similar spicular fibre, which tends to separate From the underlying 
main skeleton and come away with the dermal membrane when the latter is 
peeled off. Tho skeleton of the dermal membrane and that of the walls of 
the fistula? consists of a very dense feltwork of single spicules lying 
tangentially in approximately a single layer. 

Spicules : — Oxea (PI. 26. fig. 11); slightly curved, sharply and fairly 
gradually pointed at each end, sometimes hastate, measuring about 022 by 
0006 min. 

This species seems to approach Phlceodictyon seychellense Dendy [1921 B] 
most closely. 

Register No. and Locality . II. 9, Wooded Isle. 

Phlceodictyon sp. 

There are two small fistulse, light brown in colour, which have evidently 
been broken off from the surface of a Phlceodictyon . 

Register No. and Locality. VI. 12 c, Sandy Isle. 

32. PSEUDOESPEIUA CARTE Hi n. sp. (PI. 26. fig. 12.) 

Sponge lobose, elongated (probably horizontally), slightly compressed, 
with corrugated surface. Vents and pores not seen. The dermal membrane 
is distinct and thick, overlying the cavernous and coarsely fibrous interior. 
Colour in spirit brown ; texture soft and compressible. 
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The main skeleton consists of a well-developed, coarso reticulation of 
stout, compact, multispicular fibre up to about 0*2 mm. in diameter, composed 
of closely packed megascleres with little or no spongin. The meshes of the 
reticulation vary much in sizo, 0*8 mm. being an average diameter. There 
is a loose dermal reticulation of ill-defined spieular fibre and loose spicules, 
with more or less dense, radially arranged brushes ot slender tylostylos. 

Spicules : — (1) Tylostyli (PI. 26. fig. 12 a) ; often slightly curved or 
crooked, with a well-developed oval head separated from the fairly stout 
shaft by a slight constriction ; fairly gradually sharp-pointed at the apex ; 
size about 0*28 by 0*008 mm. 

(2) Sigmata (PI. 26. fig. 12 b) : slender, simple and contort, with short, 
abruptly recurved, sharply-pointed ends. Length about 0*04 nun. from 
bend to bend. 

(3) Large quadridentate anisochela? (PL 26. fig. 1 2 c-c") ; very numerous, 
mostly in rosettes, but scattered singly as well. The free end is composed 
of four short, sharply -pointed teeth which extend more or loss at right augles 
to the shaft, which is markedly curved and fairly stout ; the fixed end is 
quadrilateral in side view, with the three teeth almost parallel to one another; 
the median tooth connected with the shatt by a long, narrow falx. The total 
length of the spicule is about 0*04 mm. and the shaft is ubout 0*004 nun. in 
diameter. 

(4) Small, semi-hipocillatc anbochela' (PL 26. fig. 12 d) ; mostly in 
rosettes ; measuring about 0*01 mm. in length ; the frie end of the nuukedly 
curved shaft is expanded into a flat, saucer- shaped fimbria ; in front view 
this appears as a narrow, slightly curvet! cross beam at the outer end of the* 
shaft ; tho fixed end L quadrilateral and of the chelate type. This form of 
microstlere is probably intermediate between an anisochela and a bipocillute. 

(5) Small, palmate anisochela) of the lophou type ( PL 26. fig. 12 v) ; with 
only a very minute spur at the small end ; these occur scattered singly and 
are not so abuudttnt us the other microscleres : length about 0*017 mm. 

This sponge appears to he almost identical with Pseudoesperia enigmatica 
(olim Esperta parasitica Carter [1880]) except for the absence of sandy 
fibre so characteristic of Carter’s specimens. We have examined a micro- 
scopic preparation of Carter’s type-specimen (?) in the British Museum 
collection, and find that tho small, semi-hipocillatc anisochela) are cortainly 
present, though not mentioned in his description. 

Register _Ao, and Locality . II. 15, Wooded Isle. 

33. Pseudoesperia tiuchofhora n. sp. 

The single specimen consists of a small, light-brown fragment encrusting 
a Hircirua sp. f 

The main skeleton consists of u reticulation of stout, ill-defined spieular 
fibre with many loose megascleres scattered irregularly ; radially arranged 
brushes of t^lostjles lie vertically to the surface. 
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The spiculation agrees closely with that of P sendee speria carteri , except 
that tho sigma ta are entirely replaced by trichodragmata. 

Spicules : — (1) Tylostyli ; size about 0*34 by 0 006 mm. 

(2) Large, quadridentate anisocbel® ; about 0*056 111 m. in length. 

(3) Small, semi-bipocillate anisoehel®, about 0*01 mm. in length. 

(4) Small, palmate anisocbel®, about 0*012 mm. in length. 

(5) Trichodragmata ; short, compact bundles, measuring about 0*026 by 
0*006 mm. 

It is an interesting fact that this species differs from Pseudoesperia 
carteri only in the replacement of the sigmata of the former by trichodrag- 
mata. These spicules are so widely and so sporadically distributed throughout 
the tetraxonid sponges that it is extremely difficult,to estimate their taxonomic 
value. 

The peculiar form of the quadridentate anisochel® and the occurrence of 
what we have called the “ semi-bipocillates ” seem to justify the retention of 
Carter's genus Pseudoesperia. 

Register No. arul Locality . II. 12 a, Wooded Isle. 

34. Esperella pli t mo*a (Carter). 

(For literature and synonymy vide Drndv [1916 A].) 

The material consists of a small, whitish-yellow fragment encrusting Hippo - 
spongia intestinalis (Lamarck). No further description is necessary. 

Previously known Distribution. Mauritius and Mergui Archipelago ( Carter ) ; 
Ceylon, Okhaniandal (Dendy). 

Register No . and Locality . VI. 13 />, Sandy Isle. 

35. Bikmna tubulata Dendy. 

DesmaceUa tubulata Dendy [1905, 1916 A ]. 

liiemna microxa Hentschel [1911]. 

Toxemna tubulata Kallmann [1917]. 

Biemna tubulata Dendy [1921 B]. 

The material consists of a couple of fragments of thin-walled tubes, the 
outer surface of which appears slightly granular, while the inner bears 
numerous minute openings of exhalant canals. Colour in spirit brownish 
yellow ; texture very soft and fragile. 

The skeleton arrangement and spiculation agree very closely with those of 
previously described specimens. 

We consider Biemna microxa Hentschel [1911] to be identical with this 
species. 

Previously known Distribution . Gulf of Manaar, Okhamandal, Indian 
Ocean (Dendy) ; S.W. Australia ( Hentschel ). 

Register No. and Locality . VIII. 3, Sandy Isle. 
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36. Echinodictyum bilamellatum {Lamarck) Ridley . 

Spongia bilamcUata Lamarck [18J3]. 

Echinodictyum bilamellatum Ridley [1881]. 

Echinonetna vasiplicata Carter [1882 13], 

Kalykenteron elegant Lendenfeld [1888]. 

KalykenUron eilex Lendenfeld [ 1888]. 

Thalattodendcon typica Whitelegge [1001]. 

Echinodictytm bilamellatum Ileutbcliel [1911]. 

Echinodictyum elegant Hallman [1912]. 

There is in the collection one beautiful, cup-shaped specimen, 110 mm. in 
height, with a short stalk and very slightly folded walls. The colour in 
spirit of the inner surface is almost black, that of the outside grey merging 
to violet. 

The skeleton arrangement and spiculation agree very closely with those of 
the specimens described by Ridley and lientschel. 

We have also examined two dry specimens of this species from the Dam] tier 
Archipelago, N.W. Australia, which are in Professor Dendy's* collection at 
King's College, London, These are both cup-shaped with much folded walls. 

Previously known Distribution . N.W. and W. Australia [Ridley) ; Fre- 
mantle, S.W. Australia ( Carter ) ; S.W, Australia ( lientschel ) ; E. and W. 
Australia [Lendenfeld) ; E. Australia [Whitelegye, IlaUmann). 

Register No. and Locality. V., Albrolhos islands. 

37. Anchinoe fictitioides n. Sp. (PL 25. fig. 13 ; PI. 26. tig. 13.) 

There are two specimens in the collection, each forming an almost 
continuous, vertical, fan-shaped lamella, with an irregularly indented upper 
margin. The larger specimen (lt.N. VI. 4, PI. 25. tig. 13), which measures 
150 mm. in greatest height, 95 mm. in greatest width, and has an average 
thickness of 7 mm., has two conspicuous oval fenestra?; the other specimen 
has only one fenestra. The width of both specimens diminishes gradually 
below to a narrow base of attachment. The colour of the larger specimen 
in spirit is palo greyish yellow, that of the smaller light brown ; texture 
fibrous, tough and resilient. The surface is glabrous. 

On both surfaces numerous circular, slightly raised, pustule-like, cribriform 
pore-areas are closely but irregularly scattered. The larger of these pore- 
areas measure 3 or 4 mm. in diameter ; they vary, however, in size, number, 
and conspicuousness in different parts of the same specimen. 

A few small, marginal vents are seen in both specimens. A ramifying 
and anastomosing system of inhalant and exhalant subdermal canals can be 
seen through the thin dermal membrane. 

In the deeper parts of the sponge the main skeleton consists of an irregular 
network of horny fibre cored to a varying extent by smooth mogascleres 
(tornotoxea) and ochinated by aeanthostyli. l)ense fibres, consisting only of 
tornotoxca, ascend somewhat irregularly towards the surface, and the 
radially arranged terminal spicules of these fibres form a fringe round 
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the pore-areas. The sieve-membrane of these areas is free from spicules, 
except for numerous isochelae. 

Spicules : — (1) Tornotoxea (PI. 26. fig. 13 a) ; smooth, slender, usually 
straight ; ends hastate but unequal ; size about 0*4 by 0*006 mm. 

(2) Acanthostyli of two kinds — (a) (PI. 26. fig. 13 b) with short, straight 
or sometimes slightly curved shaft, which is slightly swollen at one end and 
sharply pointed at the other, covered with small, slightly recurved spines ; 
size about 0*14 by 0*013 mm. : ( b ) (PI. 26, fig. 13#*) with long, slightly 
curved shaft, the curve being most noticeable just above the slightly swollen 
base ; the spines are very small and only extend for about two-thirds of the 
shaft from the base, thus leaving the sharply-pointed apical end quite smooth. 
These longer acanthostyles, which measure about 0*35 by 0*01 mm., are found 
only in the larger specimen (It.N. VI. 4). 

(3) Tridentate isochelse (chelae arcuatse) (PI. 26. fig. 13 d), with stout, 
slightly curved shaft and short teeth ; measuring about. 0*024 mm. in length. 
Those spicules are very abundant iu the dermal membrane, especially in 
the pore-areas, but occur also scattered through the choanosome. 

This species agrees very closely with the European Anchinoe fictitius 
(Bowerbank) J. Stephens [1921] as regards its pore-areas and spiculation, 
but differs widely in its mode of growth, which closely resembles that of 
Ycesia {(Jrayella) spinulata Hcntschel [1911], also a S.W. Australian 
and Indian Ocean species (vide Dendy [1921 A]). Indeed, Yvesia spinulata 
differs from Anchinoe petitioides in little if anything more than the replace- 
ment of tho acanthostyles by acanthoxea, and may probably be regarded as a 
direct derivative of the latter species. 

Register JYos. and Locality . VI. 4, VI, 11, Sandy Isle. 

38. Dendorioella schmidti [Ridley). 

Orella schmidti Ridley [1884]. 

Damir ia australiensis Dendy [1896], 

Damiria Schmidti Topseut [1897]. 

Damiria australiensis Lindgren [1897, 1898]. 

Dendvricella Schmidti Hentschel [1911, 1912 A]. 

The larger of the two specimens (It.N. IV. 9) in the collection consists of 
five erect, digitiform processes springing from a thin, common base ; the 
processes measure about 8 mm. in diameter, and four of them divide at their 
ends into a varying number of slender, secondary, digitiform processes. The 
second specimen (K.N. III. 10) consists of a portion of a single lobe, dividing 
above into four slender, digitiform processes. The general surface of the 
sponge is covered with narrow, meandering ridges running longitudinally ; 
the dermal membrane, which is smooth and transparent, is interrupted by small 
pore-sieves, visible with a lens. A number of small oval vents, sometimes 
lying in slight depressions, are scattered singly on the processes. Colour in 
spirit light greyish brown ; texture very soft, spongy, friable. 
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The skeleton arrangement and spiculation agree with those of previously 
described specimens. 

Spicules : — (1) Oxea ; measuring about 0*23 by 0*01 mm. 

(2) Amphitylota ; some straight, others slightly undulating, measuring 
about 0*31 by 0*007 mm. 

(3) C-sbaped sigmata of two sizes, the larger measuring about 0*039 by 
0*0028 mm., the smaller 0*02 by 0*0014 mm. 

(4) Tridentate isochelse (chela? arcuatse) of two sizes, the larger being 
about 0*034 mm. and the smaller about 0*022 mm. in length. 

Previously known Distribution . Port Jackson {Ridley) ; Port Phillip 
Heads {Dendy)\ Amboina ( Topsent ) ; S.W. Australia {Ilentschel). 

Register Nos . and Locality . III. 10, IV. 9, 'Wooded Isle. 

39. Trachycladus ljcvispibulifer Carter. 

Trachycladus hcvispirulifer Carter [1879, 1885-6]. 

Trachycladus leeviepirultfer Dendy [1897]. 

(For further possible synonymy see Kallmann’s species [1916].) 

The external form of the single specimen resembles closely that of Trachy- 
cladus digilatus var. clamtns Kallmann [1916]. The branches, which 
anastomose freely, are subcylindrical, and their surface appears minutely 
conulose owing to the up-pushing of the dermal membrane by the ends of 
the impinging skeleton fibres. The inhalant pores are scattered singly, closely 
and for the most part equidistantly over the entire surface, giving it a 
minutely reticulate appearance. The small oscula are scattered sparsely and 
irregularly. Colour in spirit whitish brown ; texture tough and dense. 

The skeleton arrangement calls for no comment. 

Spicules : — (1) Oxea; smooth, curved, of nearly uniform diameter 
throughout their length, bluntly pointed, measuring about 0*47 by 0*016 mm.; 
very rarely stylote. 

(2) Spinispira? ; minutely spined, corkscrew spicules, usually of two com- 
plete turns, measuring about 0*0135 mm. in length ; very abundant. Simpler 
forms, C- and S-sbaped, are found frequently. 

(3) Microstrongyla ; of two kinds — (a) slender, centrotylote, 0*019 mm. 
long ; (6) stout, rarely centrotylote, 0*016 by 0*003 mm. These microscleres 
are rare. 

We have examined preparations of this species in Mr. Carter’s own 
cabinet, and feel justified in identifying with it the Abrolhos specimen, 
although the oxea of the latter are larger and the microstrongyla less 
abundant. 

Hallmann [1916] has endeavoured to distinguish between a number of 
Australian species, some of which he describes as new. We are inclined to 
think, however, that the differences between Hallmann’s specimens are not 
sufficiently great to justify specific distinction being made, and that probably 
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all the known Australian specimens of Trachjcladus , as well as Lendenfeld’s 
Spirophora digitata and Spirophora bacterium , should he included in Trachy- 
cladus Icccispirulifer Carter. 

Previously known Distribution . South-West, Australia ( Carter ) ; Port 
Phillip Heads, Australia ( [Dendy ). 

Register No. and Locality. III. 0, Wooded Isle. 

40. Sjgmosckptrella fibrosa Dendy . (PI. 25. fig. 14.) 

tipirastrella fibrosa Dendy [1897]. 
tiigmosceptrella fibrosa Dendy [1921 A]. 

The single fine specimen in tho collection, which measures 70 mm. in 
height, is sessile and lohodigitatc. Surface sub-glabrous, almost smooth in 
parts, slightly conulose or nodular in others. The closo-set inhalant pore-areas 
give the surface a minutely reticulate appearance. They overlie large, funnel- 
shaped chones in the cortex, which is slightly fibrous and measures up to 
0*4 mm. in thickness. The roof of each clione is not merely a dermal membrane, 
but is moderately thick, strengthened by microscleres (sigmodiscorhabds), 
and pierced by individual pores which take the form of short canals. The lower 
part of the chone is constricted to a relatively small opening, which leads 
into a spacious subcortical crypt : from this, inhalant canals, provided with 
diaphragms along their length, penetrate the clioanosome. The canal system 
is eurypylous, the fiugcllate chambers spherical and measuring up to 0*05 mm. 
in diameter. The larger exhalant canals and the wide oscular tubes are sur- 
rounded by a thick layer of gelatinous mesogloea. Vents small but 
prominent, scattered singly on the upper margin of the sponge, sometimes at 
the ends of small conical projections. Each vent is much smaller than the 
diameter of the oscular tube out of which it opens, so that the latter appears 
to have a thin roof with the vent in the middle. Colour in spirit yellowish 
white; texture firm, compact, resilient. 

The skeleton arrangement agrees closely with Dendy ’s original description. 
Between the chones the cortex is packed with microscleres, intermingled in 
places with the ends of the radial bundles of mogascleres. 

Spicules : — (1) Styli ; straight, evenly rounded or slightly enlarged at the 
base and sharply pointed at the apex, very uniform in shape and size, 
measuring about 0*34 by 0*01 mm. 

(2) Isodiscorhabds (sigmodiscorhabds) ; measuring in total length about 
0 a 05 mui.; the diameter of the. smooth shaft is about 0*008 mm., that of a 
whorl with the spines included 0*025 mm. The development and adult form 
of these spicules have been described and figured by Dendy in “The 
Tetraxouid Sponge Spicule— A Study in Evolution ” [1921 A]. 

Previously known Distribution , Port Phillip Heads (Dendy). 

Register No. and Locality. VI. 2, Sandy Isle. 
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41. Spirastrella vagabunda Ridley . 

Spirastrella vagabunda Ridley [18841. 

(For literature and possible synonymy vide Dendy [1906] and Vosmaer [1911].) 

The larger of the two specimen**, which measures about 60 by 20 by 
25 mm , is elongated and tubular, with a hollow digitiform process (which 
has been cut off) arising from one end. Two large, irregularly shaped \ents 
are present, and inhalant poro-sioves are visible over a small portion of the 
smooth but uneven surface. The second specimen is a small tubular fragment 
with thick walls. Colour in spirit light brown ; texture firm and compact. 

The skeleton arrangement and spiculation agree closely with those of the 
type. 

The Abrolhos specimens come very close to Spirastrella vagabunda var. 
tulmlodigitata Dendy [1905], hut the ty lostyles of the former are shorter 
and stouter. 

Previously known Distribution . Torres Straits (Ridley) ; Indian Ocean 
{Dendy). 

Register If os. and Locality. VI. 10, VI. 15 a, Sandy isle. 

42. Aaptos aaptos {Schmidt). 

Ancorina aaptos O. Schmidt [1864]. 

Aaptos adrtahea Gray [1667]. 

Ancorina aaptos O. Schmidt [18681. 

Trachya pernucleata Carter [1870]. 

Tuberella tethyoides Keller [I860]. 

Tethyophama silifica O. Schmidt [1880]. 

Tuberella tethyoides Vosmaer [1887]. 

Aaptos adriatica Vosmaer ['1887 J. 

Amorphina Duchassaingi Topsent [1689]. 

Subentes spissus Topsent [1892]. 

Tuberella Duehassatngt Topsent [1894]. 

Tuberella tethyoides Topsent [1896]. 

SuberUes aaptus Lendenfeld [1896]. 

Suberites aaptus Topsent [1898 ]. 

Tuberella aaptos Topsent [1898, 1900]. 

Tuberella aaptos Wilson [1902J. 

Tuberella aaptos Hontschel [1909, 1912]. 

Tuberella aaptos Dendy [1916 A]. 

Tuberella aaptos BAbi6 [1922J. 

The larger of the two specimens (R.N. III. 5) is irregularly subspberical, 
measuring 45 by 25 by 30 mm. ; at one end, in a slight depression, lies a 
small group of oscu la, and three or four small round osoula are scattered 
singly over the sub-glabrous npper surface. Colour in spirit dark brown 
outside, light brown inside ; texture compact but compressible. 

The other specimen (R.N. YI. 12 h) is a small, light-brown fragment 
25 mm. in length, 15 mm. in breadth, and 8 mm. in thickness, with a flat, 
sub-glabrous upper surface, in the centre of which is a single slit-like 
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oseulum raised on a small papilla. Figment granules are present in the 
large specimen, absent in the small one. 

The skeleton arrangement and spiculation agree closely with the descrip- 
tions given by Topsent and Wilson. 

We propose to revive here Gray's generic name Aaptos [1867], because 
we can find no adequate reason why Keller’s genus Tuberella [1880] 
should stand in place of it, though we regard his species Tuberella tethy aides 
as synonymous with Ancorina aaptos Schmidt. We have revised and 
brought up to date Topsent's synonymy list, which we think can be definitely 
accepted. 

Carter [1870] described a new genus and species of sponge under the 
name Trachya pernncleata ; after examining his preparations we think it 
justifiable to identify this species with Aaptos aaptos (Schmidt), and it is 
therefore included in the synonymy list. 

Carter [1882 A, 1886] described two more species of Trachya , viz. 
Trachya dnrissirna and Trachya horrida ; these are probably identical with 
his original species, Trachya pernucleata . 

Trachya glohosa Carter [1885-86] and Trachya glohosa var. rugosa Carter 
[1886] are obviously lipotriamose Tetillids, having exceedingly long, 
slender oxea for niegascleres and sigmatu for microscleres. 

Carter [1876, 1882 A] proposed a group Polymastina in the Sub-order 
Subcritida to include his genus Trachya as well as the typical Polymastia , 
referring to Trachya pernucleata and its allies as “ Geodia- like forms of 
Polymastia P 

Although Vosmaer, Topsent and Wilson have placed the genus Tuberella 
(= /lrtptfos) in the Tethyidfle (Donatiidae), we are inclined to agree more with 
Carter's views ; and so, because of the arrangement of the skeleton, the 
absence of any fibrous cortex and the presence of pin-liead spicules in some 
cftses, we now propose to transfer it to the Sigmatototraxonida. Family 
Clavulidaj, Sub-family Suberitime. 

Previously known Distribution , Mediterranean ( Schmidt , Lendenfcld , 
Topsent) ; Gulf of Naples (Keller); Gulf of Mexico (Topsent) ; Porto Rico 
(Wilson); S.W. Australia (Hentsehel) ; Aru Islands (Ilentschel) ; Okhaman- 
dal (Bendy). 

liegister Nos . and Locality . III. 5, Wooded Isle ; VI. 12 Sandy Isle. 

43. Polymastia mammillaris (0. F. Mailer) Bowerbank. 

(For literature and synonymy vide Topsent [1900].) 

There is a single small specimen, consisting of about six smooth, slender, 
thin-walled, hollow, mammiform projections, 10 to 15 min. in length, rising 
from a plate-like base which has either been torn off a stone or from a larger 
specimen ; the surface of the base is slightly hispid. The colour in spirit is 
dull brown owing to the development of pigment granules. 



510 


PROF. A. DENPY AND MISS L« M. FREDERICK ON 


The skeleton arrangement and spiculation agree with the descriptions 
given by Bowerbank and Topsent. 

Spicules : — (1) Small tylostylos ; size about 0*17 by 0*008 mm. 

(2) Large tylostyles; size about 1*1 by 0*02 mm. ; the sizo of tho head 
varies greatly. 

Previously known Distribution . Cosmopolitan. 

Register No . and Locality . VI. 12*7, Sandy Isle. 

44. Msgalofabtas arenifibrosa n. sp. (PI. 25. fig. 15.) 

There are three specimens o£ this sponge in the collection. The largest 
(R.N. VI. 3, PI. 25. fig. 15), which must be regarded as the type of the 
species, is sessile, erect, and conMsts of a principal lamella giving oft 1 a 
number of secondary lamella' of varing sizo. The specimen is 110 mm. 
high and 70 mm. wide, and the thickness of the lamella is about 3 mm. 
The second specimen (R.N. VI. 9), which is ti.l nun. high, 15 nun. wide and 
about 5 mm. thick, is a fragment probably broken off' the type. The third 
specimen (R.N. IV. 4) is small and lamino-clathrons, becoming constricted 
towards the base of attachment. The total height is about 50 mm., the 
maximum breadth about 53 mm., and the average thickness of the lamella 
about 4 mm. Tlie surface appears granulated, the granules being really 
numerous, minute, close-set conuli. The vents are snmll, round and single; 
some are arranged marginally, others are scattered, but almost always 
confined to one surface of each lamella. Colour in spirit dark brown, 
becoming lighter towards the base of the sponge ; texture compressible, 
resilient, fairly tougli. 

The main skeleton consists, of primary fibres, about 0-09 mm. in diameter, 
running vertically to the surface and connected by an irregular network of 
secondary fibres about half the dianieier of the primaries ; the outermost of 
the secondary fibres form a distinct subdcrmal skeleton network, the fibres 
averaging about 0*03 mm. in diameter. The fibres are laminated and “pithed” 
and the primary fibres are cored by numerous sand-grains and broken 
spicules. 

The dermal membrane, which sometimes contains a good many broken 
spicules, is pierced by round inhalant pores, about 0*06 mm. in diameter, 
which lead into large subdarmal cavities lying in the ccfosome, which 
contains numerous close-packed, granular, stellate cells. The canal-system is 
lacunar ; the flagellate chambers, which are large, S'lc-shaped, averaging about 
005 mm. in diameter, are placed fairly close together and arc eurypylous. 
The mo'OgloBa of the choanosome is not strongly developed, except around 
some of the larger canals, where it is collenchyniatous, with stellate cells. 
There are also numerous hands of fibrous tissue, composed of granular, 
elongated cells, running in from the ectosome in places and deeply pene- 
trating the cboanosome. 

This species is well characterised by its external appearance and unusually 
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compact texture, and, above all, by the coring of the primary fibres by 
sand-grains, which indicates an approach to the Family Spongeliidae. 

Register Nos. and Localities . VI. 3, VI. 9, Sandy Isle ; IV. 4, Wooded 
Isle. 

45. Spongelia dakin i n. sp. (PI. 25. fig. 11.) 

This most interesting specimen forms a very smooth encrustation (about 
0*65 mm. thick), almost white in colour, over a considerable portion of the 
surface of a very fine specimen of Ancorina attslraliensis (PI. 25. fig. 11). 

There is a well-developed, minutely reticulate cortex, about 0*085 mm. 
thick, formed of sand and broken spicules, which gives the surface a very 
uniform appearance and presumably covers the vents, as these are not visible. 

The main skeleton consists of columns of broken foreign spicules of 
various kinds, but without visible spongiu ; the columns run vertically and 
sometimes appear to branch slightly as they approach the surface. 

The thin, transparent dermal membrane is pierced by numerous round 
inhalant pores, which measure up to 0*05 mm. in diameter ; usually there is 
only a single pore in each mesh of the cortex. Small subdermal cavities in 
the sand cortex lead into large subcortical crypts or inhalant canals in the 
choanosomc, the mesoglma of which is but feebly developed. The flagellate 
chambers arc crowded together, sac-shaped, measuring about 0*06 mm. in 
diameter ; they are eurypylous and each has several prosopyles. Some of 
the larger canals appear to be surrounded by fibrous tissue ; these are 
probably exhalant. 

This species is at once distinguished by its thin, encrusting habit and its 
well-developed, reticulate sand cortex. 

Register No . and Locality . VI. 6/>, Sandy Isle. 

46. Psammopemma CKASSUM ( Carter ) var. 

Jlolopsamma cratsa Carter [1885-0]. 

Psammopemma crassum Lendenfeld [1880]. 

The single specimen, which is 35 mm. in height, 20 mm. in width, and 
about 5 mm. in thickness, is erect, somewhat lamellar in shape, thickening 
considerably towards the base of attachment. The surface is uneven and 
sometimes rugose. Oscula are not visible. Colour in spirit light greyish 
brown ; texture hard, gritty, incompressible, but friable. 

There is a thin, pore-beariug dermal membrane, overlying large subdermal 
cavities in the ectosome, which is feebly developed, with collenchymatous 
mesogloea. The canal-system is lacunar; the chambers, which have several 
prosopyles, are large, sac-shaped, measuring about 0*1 mm. in longer 
diameter, and eurypylous. The gelatinous mesogloea is fairly conspicuous ; it 
contains stellate cells and also bands of fibrous tissue. 

The skeleton consists of a dense mass of sand-grains and broken spicules 
with no recognisable spongin, interrupted by irregular patches of soft tissue 
more or less free from sand. 
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The large size of the flagellate chambers, and the highly lacnnar character 
of the canal-system generally, indicate that this sponge is a true Spongeliid 
and not a reduced Tetraxonid that has lost its proper spicules. 

Previously known Distribution . Port Phillip Heads ( Carter , Lendenfetd) ; 
Port Jackson (Lendenfeld). 

Register Ho. and Locality . IV. 11, Wooded Isle. 

47. HiPPOsroNGiA intertinalib (Lamarck). 

(For literature and synonymy vide Pend} [1905*].) 

There are two specimens in the collection, light brown in colour, of 
elongated tubular form, with their walk perforated at irregular intervals and 
the surface slightly conulose. The tubes are about 12 mm in diameter. 

The main skeleton is composed of an irregular network of fail ly stout, 
amber-coloured, horny fibre, the fibres measuring up to 0*08 mm. in diameter. 
There is a surface reticulation of more slender horny fibre. A certain amount 
of foreign matter, including a few huge oxeotc spicules, has been incorporated 
within the sponge. 

Previously known Distribution. Mediterranean (Lamarck) ; Zanzibar 
( IJyatt ); Mascareno Wands and Amirante Group (Ridley) ; (Vyhm Seas 
(J)cndy). 

Register Nos. and Locality. VI. 13 a, VII. 2, Sandy Isle. 

48. Oosoinoderma PYRIFORM e Leaden ft Id var. a. 

CoHcinodertna pyrifot me Lendenfeld [J889], 

There are four specimens in the collection. The largest (R.N. III. 7), 
which must ho regarded us the type of the variety, is erect, massive, somewhat 
compressed laterally. and has evidently been attached to u rock along iN base 
and a portion of one side ; the total height is 50 mm., the maximum breadth 
65 mm., and the average thickness 25 mm. A number of sphinctrate oscula, 
about 3 mm. in diameter, are arranged along a crest on the upper surface. 
The second specimen (R.N. II. 7a), which measures 45 min. long, 35 mm. 
wide, and has an average thickness of 12 mm., is oval and somewhat cushion* 
shaped; a number of round sphiuctrate oscula, the largest of which measures 
2 mm. in diameter, lie round the edge of the convex upper surface. The under 
surface is smooth and slightly concave, and 1ms a few small oscula scattered 
over it. The third specimen (R.N. VI. 20 a) is erect, flabellatc, with oval 
outline, attached to a rock by a short, thick stem ; it is 35 mm. high, 28 mm. 
wide, and about 6 mm. thick; there is a single obculum on one side. The 
fourth specimen (R.N. VI. 22) is a small oval fragment which has probably 
been torn off a larger one. 

The surface is for the most part minutely conulose, the conuli being more 
marked in some places than others, while in parts it is quite smooth; there 
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are also narrow meandering grooves, covered in life by the thin dermal 
membrane. Colour in spirit- purplish brown in parts, lighter brown in others; 
texture compact and compressible, resilient, but tough. 

There is a thin but well-developed cortex of sand and broken spicules ; this 
cortex is usually of a minutely reticulate nature, the meshes being about 
0*13 mm. in diameter and containing inhalant pore-areas. In other parts the 
cortex seems continuous. 

The skeleton consists of primary fibres about 0’05 mm. in diameter, running 
vertically to the surface and containing much foreign matter (broken spicules); 
the secondary connecting fibres, which average about 0*02 mm. in diameter, 
form a close network with somewhat irregular, polygonal meshes about 
0*2 mm. wide. 

There is a very well developed collencbymatous ectosoine, in which lie 
large stibdermal cavities. The canal system resembles closely that of 
Euspovujia . Some of the larger canals in the choanosome are surrounded by 
a thick layer of collencbyina. The flagellate chambers are small, subspherical, 
and about 0*03 mm. in diameter; they are either eurypylous or with very short 
canaliculi, and closely packed together. The mesoglma between them is very 
finely granular. Embryos arc present, some in an advanced state of 
development. 

Hyatt [1877] described two sponges, Sponyelia ineerta and Sponyelia 
sphwsa, which London f eld [1889] makes synonymous with his Coscinoderma 
pyrifarme . We can find nothing in Hyatt’s description to justify this. 

Jieyister JS'os. and Idealities. II. 7a, III. 7, Wooded Isle ; VI. 20a, VI. 22, 
Sandy Isle. 

48 a. Coscinoderma pyriforme Lemlenfeld , var. 

Coscinoderma pyri forme Lendetifeld [1889], 

The single specimen, which measures 25 mm. in greatest height, 55 mm. 
in greatest width, and has an average thickness of 10 mm., is a flattened, 
cup-shaped sponge with irregular but entire margin ; it has probably been 
attached to a rock at several points on its convex lower surface. Colour in 
spirit dark brown on the upper surface, greyish brown on the lower ; texture 
fine, compact, compressible. 

The upper surface is very minutely conulose, subglabrous, and has a well- 
marked but thin, minutely reticulate cortex made up mostly of broken spicules. 
Inhalant pore-areas lie in the meshes of the cortex. There are no visible oscula 
on this surface. The lower surface is smooth and has a thin, continuous 
cortex formed of brokea spicules, no inhalant pore-areas being visible ; a 
number of closed oscula are scattered over this surface, surrounded by 
radiating subdermal exhalaut canals. 

The skeleton arrangement and the structure of the soft tissues agree closely 
with those of Coscinoderma pyrifonne var. a, A large number of small, 

UNN. 40URN,— ZOOLOGY, VOL. xxxv, 37 
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darkly staining, spherical cells, about 0*006 mm. in diameter, are found 
embedded in the niesogloea ; these cells are most abundant around the various 
parts of the inhalant canal-system and congregated in immense numbers in 
the inner portion of the ectosome ; they are probably symbiotic algse such as 
are known to occur frequently in sponges. 

Register No . and Locality . IV. 5, Wooded Isle. 
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EXPLANATION OF THE PLATES. 

Plate 25. 

(All the figures in thi* plate art' from photographs ) 

Fig. 1 . Jjeucosolema grisea u. sp. U.N. V 1 . 21 . X 1 J. 

2. Isfucoaotcnia protogenes IIn*ckel. U.N. VI II. 4. X 2. 
it. Ascoleucetta compi'essa n. bp. U.N III. 12. XI?. 

4. Vosmaeropsis mackinrwni n. sp. 1» N. IV. 1. X 1J. 

6. Grantiopsis cylindrica Dendy. U N. VII. 1 a. x oj. 

(5. Grant iopsis cylindrica Dendy. U.N. VI 1, l A X 8. 

7. Grant apsis cylindrica Dendy. U.N. M. J7r. X 2. 

8. Grantiopsis cylindrica l)end). U.N. 1.1. X I?. 

0. Grantiopsis cylindrica Dendy \\\r. fndtcuxu nm . U.N. 11 J. 4 X 3 ?. 

10. Lelapia antiqna n. sp, U.N. VII. 1 e. X 2J. 

11. Ancorina avstraliemis Carter. U.N. VI. Ow; encrusted by Spongelm dahuri n. sp., 

U.N. VI. 0 b. Xl. 

12. lleniera aquteductus Schmidt. U.N. VIl.it. x 1. 

]«!. Anchinoe Jictiti aides n. sp. U.N. \ I. J. X l . 

14. Oigniosceptrella fibrosa Dendj. U N. VI. 2 X ]. 

15. Megalopastas arenifihrosa n. sp. U.N. VI. u. X t 7 ( . 


Plaji. 26. 

Fig. 1. Leucosolenia gnsca n. sp. U.N. VI. 21. 

a . Trirndiates, X 150; h. QundrirndintO', X 150. 

Fig. 2. Ascoleucetta compressa n. sp U.N. III. J2. 

«. Large triradtates, X 00; h . Suiail tihadiuie% x 150, <»/. Quadiumiiutcs. 

. X 350 

Fig. 5. Ascoleucetta compressa n. sp. U.N. 111. 12. Diagrammatic vertical section tkiough 
margin, allowing canal -system. x 20. 

t.a.j inhalant apertures; f/.<or., deimal cortex, ic. f inhalant canal; ./At//., 
flagellate chamber ; c.i.o,, exhalant opening oi cliumhei ; cxhulaut canal; 
oar., osculant ; w?es. # mesogkra. 

Fig. 4. Ascoleucetta compressa n. sp. U.N. 111. 12. Poition of similar section. X 00. 

c*.c M collared cells ; pr. } prosopyle; tr, % larg« triradiates of ilenual cortex (d.c.) ; 
tu\ f apical rajs of quadriiadiates projecting into flagi Hate chamber and exhalant 
canal. Other lettering as before. 

Fig. 5. Ascoleucetta compressa n. sp. U.N. ILL 12. Dermal sux face, showing skeleton 
arrangement round inhalant aperture, X 100. 
tr, f trichoxea. 

Fig. 6. Vosmacropsis maekinnoni n. sp. U.N, VI. J. 

a. Large oxen, X 40; b. Subgas tral or tuhar sagittal triradiates, X40; 
c. Snbdermal pseudo-sagittal triradiates, x 40 ; d. f rriradiates of the dermal 
cortex, x 40 ; c. Triradiates of the gostral cortex, x 40. 

Fig. 7. Grantiopsis cylindrica Dendy. U.N, 1.1. 

<i. Triradiates of dermal cortex, X00; b. Deimal microxea, X 150; c. Sub- 
gastral quadriradiates, X 350; d. Keduced tubar triradiate, X 150; e. Head of 
tubiir triradiate, showing the two vestigial rays, x 050 ; /. Oastral quadriradiates, 
X 150; a.r . apical ray; g. Oxeote from oscular fringe, X 150; It. Oscular tri- 
radiate, X 150. 
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l r ig. 8. Lelapia antiqua n. Bp. K.N. VII. 1 c. 

a . Large oxea, X 40 ; ft. Slender oxen from dermal brushes, x 40 ; c. Normal 
sagittal triradiates of dermal cortex, X 80; c\ Subgastral sagittal triradiate, 
X 80 ; d. Alate triradiates of gastral cortex, X 80 ; e. Alate quadriradiates of 
peristome, x 80 ; /. “ Tuning-fork ” spicules, x 60. 

Fig. 9. Anconna br widens n. sp. R.N. VI. 16ft. 

a. Orthotriaene, x 100; ft. Auatriiene, x 100; c. Large oxeote, X 100; 
c. Small ectosomal oxeote, X 100 ; d. Microrhubds, x 360 ; «. Tylasters, X 360. 

Fig. 10. Halichmdria phakdlioides u. sp. 11. N. VI. I. 
n % Oxea, X 100; ft. Stylote, x 100. 

Fig. 11. Phlccodiclifon abrolhoscnsis n. sp. R.N. II. 0. 

Oxea, x 190. 

Fig. 12. Pseudoespena carte ri n. sp. R.N. II. 15. 

ft. Tylostyli, X 270; ft. Sigmata, x 550; e. Quadridentate anisochela, side 
view, X 550; c. Quadridentate anisochela, face view seen from the back, 
X 550; r". Young quadridentate anisochela, side view, x 560; d. Small somi- 
bipocillate anisochela', X 550 ; e . Small palmate anisochela^, x 550. 

Fig. 13. A nchinoe petit ioidvs «. sp. R.N. VI. 4. 

a. Tornotoxea, X 190; ft. Small acanthostv li, X 190: r. Long acanthostvli, 
X 190; d. Tridentate anisochehe (chelae arc im tie), X 650. 
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Report on Opistliobranchiata from thcs Abrolhos Islands, Western Australia, 
with Description of a new parasitic ( tapcpod. By ( -has. II. t )' DoNOGfirE, 
D.Sc., F.lt.S.U., Professor of Zoology, University of Manitoba, Canada. 
(Communicated by Prof. W. J. Dakin, D.Sc., F.L.S.) 

[Percy Sladen Trust Expedition to the Abrolhos Islands 
under the leaders! lip of Prof. W. J. Dakin. j 

(Plates 27-30.) 

[Read 21st June, 1920.] 

From a very cursory examination of the distribution of the Opi>thobranchs, 
it is evident that the Indian Ocean is very rich in members of this group and 
is characterized particularly by certain genera. For this reason we may 
look forward to the coasts of Australia furnishing a large number of 
interesting forms. Up to the present, however, they have not been studied 
in this area with any degree of thoroughness, save in the neighbourhood of 
Sydney by Anga* (7) and less extensively in South Australia by Basedow 
and Iledley (8). In Western Australia it may be said that no systematic 
collecting has boon done, so that our knowledge of the Opistliobranch fauna 
of this coast is very limited. 

The present collection, while small in numbers, is, neuirtbeless, interesting 
and, it is to be hoped, useful. Certain of the species themselves appear to he 
new, and some of the others, although previously recorded, have only been 
incompletely described, so that it has been possible in all cases to give here 
further essential information regarding their structure or distribution and to 
clear up certain doubtful points. In these ways therefore it will extend our 
hitherto meagre knowledge of Western Australian forms and so help to fill 
a noticeable gap. 

The student of the Opisthobranchiata, and especially the Nudibranchiata, 
is generally faced with one of two very serious difficulties. On the one 
hand, if he collects living material, he does not as a rule have the oppor- 
tunity to dissect it and, more particularly, to examine the radtila\ On the 
other hand, if he is working out a collection in a museum or laboratory, 
while he is able to make such dissections and preparations of the radulse as 
the material allows, he is usually not in a position to recognize the original 
colour, or perhaps even shape, of the living creature. 1 doubt if any other 
group of animals is so disappointing when preserved ; anyone used to seeing 
them alive, with their beautiful coloration and often graceful shape, would 
hardly recognize them in the shrivelled discoloured lumps that they become 
after preservation* Hence it follows that unless the two aspects are dealt 
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with simultaneously, there is always the possibility of one species receiving 
two different names, one from the collector who knows the living animal 
and the other from the laboratory worker who lias handled only preserved 
material — indeed, it would not be difficult to cite instances of this. That this 
may occur in Australian material is made possible in the case of the paper 
by G. F. Angas on the Nndibranchs of New South Wales ('7). This work is 
illustrated by a number of excellent coloured figures, from which I should 
judge a collector would have practically no difficulty in recognizing the 
living forms at once. As no details or figures of the raduhe or other internal 
organs are given, however, it would he impossible to recognize a number ol 
the species from a collection of preserved material without colour-notes. 

This difficulty may be overcome if the same person works at the forms 
from the two aspects, or by the co-operation of two individuals. In the 
preseut case I have been fortunate enough to look through the collection 
with Professor Dakin, who gave me colour-notes, which, while brief, should 
be sufficient to allow of* the easy recognition of the living animal. In two 
instances be supplied me with coloured drawings. 

It has already been noted that the Opistliobranchs of Australia are but 
little known, and they would well repay further study, but ir is of the utmost 
importance that when collections are being made adequate colour-notes of 
the living animal should he taken. 

The list of workers who have treated of West Australian forms is very 
limited. The earliest records are those of Cuvier, 1804 (31), who described 
two species of Nudibranchs brought back by Peron from that coast. Quoy 
and Gaimard in 1833 (68) described one further species. Sowerby in 1 861* 
(71) described the shell of a Tecti branch from the (•tuning collection in the 
British Museum. In 1876 Abraham (1) described another Nudi branch from 
the British Museum material, and Bergh (12) one from the Cuming collection 
in the British Museum. A species brought back by Dr. Studor in the 
‘ Gazelle 3 was described by Bergh in 1880 (22). Kent (54) in .181)7 
recorded a single species that actually came from the Abrolhos Islands. 
Lastly, in 1917 Odhner (59) described three further Nudibranchs which were 
brought back by Dr. Mjuberg’s Swedish scientific expeditions to Australia in 
1910-13. 

The species recorded therefore are : — 

TECTIBRANCHIATA. 

Tethys [ Aplysia gigautea ] (Sowerby), recorded from Swan Kiver. 

NUD1BRAKCHIATA. 

Oladohepatica. 

Scyllwa pelagica Linn., recorded by Cuvier from Terre d’Edols. 

1 J hyllivho# lichiemieinii Eschscholtz, recorded by Quoy and Gamard from 
Terre d'Edels. 
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Armina ( Pleurophyllidia ) cygnea (Bcrgh), recorded from Swim liiver. 
Madrella ferruginosa Aid. & Hane., recorded by Od liner from Cape Jaubert. 

UOLOIIEPATICA. 

llexabranchus imperials Kent, recorded from the Ahrolhos. 

Kontrodoris maculosa (Cuvier), recorded from Baye de* Chicns marins. 
('cratosoma brevi rand atom Abraham, recorded from West Australia. 
('eratosoma corallinum Odhnor, recorded from Cape Jaubert. 
l J ltyllidia raricosa Bergh, recorded from Dumpier's Archipelago. 

Trerelyana marginal. a Odhner, recorded from Cape Jaubert. 

This is a small list of only 11 species and the present collection contains 
16 species, only throe of which have been recorded previously from West 
Australia, and so the total now' known from the coast is 24 — a very small 
number when one considers tho length of the coast-lino and the fact that 
there is every indication of its possessing a rich fauna. 

The following species are here represented : — 

TECT1BRANCHIATA. 

Tethys [ Aplysia j yigantea (Sowerby). 

Tethys [Ajdysiaj denisoni (Smith). 
hobtbrifera jwlsartensis, sp. now 
fierthella j/lumula (Montagu). 

ASCOGLOSSA. 

Vlucobranclnis expansa* sp. nov. 

NUDIBRANCHIATA. 

IIOLOUEPATICA. 

Splu vrost tuna [ Tritonia] dakini , sp. now 
/lexab ranchus imperial is Kent. 

Alloiodoris hedleyi , sp. nov. 

Asteronotns fuse us, sp. nov. 

(rlossodoris [C hromodoris ] ivestraliensis , sp. nov. 

Aphelodoris af/inis Eliot. 

C eratosoma brevicavdatum Abraham, 

Dendrodoris [DoWo/w* 1 ] nigra (Stimpson). 

Dendrodoris [ Doriopsis ] mammosa (Abraham). 
jNembrotha purpureolineata , sp, nov. 

Notodoris gardineri Eliot. 

With such a small list it is hardly profitable to spend much time in the 
discussion of the distribution and relationships of its members, for as soon as 
any systematic collecting is done the list will be enormously increased. 

Professor Dakin has called attention to one or two points in his general 
description of the expedition (32) that need brief consideration here. In 
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the first place, the Abrolhos Islands are probably the most southern coral- 
islands in the world. A tropical current from the north and north-east 
passes down and bathes their shores, and the available evidence goes to show 
that the temperature of the sea round the islands is usually some degrees 
higher than that near the adjacent coast — indeed, even in the winter, it rarely 
falls below 20° C. He further suggests that if a preponderance of tropical 
species is found it will probably be due to this warm current, although the 
fishes apparently are southern forms. 

Of the Tectibranehs, one (i. e., T. giganlea) has been recorded previously 
from Queensland. The two genera Jhlabrifera and Placobranrhuft are, 
on the whole, distinctive of tropical or sub-tropical seas, while Berlludla 
is perhaps more widely distributed. 

It may be stated of the Nudibranehs that, as a general rule, the Clado- 
hepatica are characteristic of cool or cold waters, while the Ilolohepatica 
characterise warmer regions. It is therefore probably not without signifi- 
cance that all the forms in the present Abrolhos material belong to the 
Holohepatica. In passing, too, it may be worth while to notice that, of ihe 
Cladohepatic genera recorded from the coast of the mainland of Western 
Australia, i. e., Armina ( Pleurophyllidui ), Scgllwa, ami Matirrlla, the two 
former are of world- wide distribution anil the last is a more or less tropical 
group. All other West Australian forms so recorded are Holohepatie. 
Turning again to the present material, the Spluerostomids are universally 
distributed, but practically all the other genera are distinctly those of tropical 
and sub-tropical seas. 

Comparing this list with that of the British coast or of the northern part 
of the Pacific Coast of North* America, the difference is most striking, and it 
is impossible not to recognize that it is far more sub-tropical in character. 
Cold-water groups appear to be entirely unrepresented up to the present, and 
it is hardly possible that, even if found, they will ever outnumber the tropical 
and sub-tropical genera. 

We may conclude, therefore, that, as far as the Opisthobranchs at present 
known are concerned, the fauna of the Abrolhos Islands is distinctly sub- 
tropical or tropical in its constitution. 

The remarkable way in which the ordinary usages of systematic taxonomy 
have not merely been ignored but flagrantly violated by many workers on 
Nudibranchs has created such a series of pitfalls that even with the utmost 
care it is almost impossible to avoid them all. Among the most obvious of 
these are examples where species have been given new names, apparently 
because the author did not like the previous one, and this although the older 
name has many years’ priority, and the identity of the two forms is empha- 
sized. Again* several genera have been combined and a new generic name 
invented, or the reverse of this may have happened and an old genus split 
up to make way for two or more new ones, while the original name has been 
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discarded. It is obvious that, if this sort of procedure goes on unchecked, the 
ultimate result will be a chaotic muddle, out of which it will bo very difficult 
to find a way. The present author, in conjunction with Irodale (51a), has 
spent a great deal of time in an attempt to straighten out the tangle of the 
synonymy of the British Nudibranchiata, and, as a result, certain fairly 
widely used generic names have been replaced by less known ones. The very 
obvious eriiicism will be made that such changes will cause a certain amount 
of inconvenience, and it must be admitted at theoutsei that this is so. On 
the oilier band, a. few hours’ work in the taxonomy of any group will 
soon show that, this inconvenience is nothing to the deadlocks that arise 
from the slipshod and incorrect use of names. The common remark that 
“everyone knows what so-and-so means” is not merely untrue, for the 
original describe!* of the species would not know, but it is frequently a flimsy 
excuse for avoiding the work necessary to justify the employment of a 
correct terminology. Furthermore, it becomes impossible to discuss such 
topics as the comparative anatomy, systematic relationship, and distribution 
of the members of a large group of animals unless one can be more or less 
certain of the species involved. Wherever changes from the common 
usage have, been made, the reasons for so doing have been briefly given and a 
synonymy provided. 

My friend Professor Dakin banded the collection over to me for exami- 
nation, and I wish to offer him mv sincere thanks not only for so doing but 
also for giving the colour-notes mentioned above. T also desire to thank the 
authorities of the British Museum — in particular, Mr. G. 0. Hobson — for the 
privilege of working at the Museum, where ready reference to books and 
specimens greatly facilitated my work : and, lastly, also Professor Dendy, 
F.K.S., of King's College, London, in whose laboratories the dissections, 
preparations of the ra dulse, and the drawings were made. 

All the drawings of teeth were made with the camera lueida from my own 
preparations. Tvpe-specimens, examples of all the species, and, when 
present, the radu he have been deposited in the British Museum. 

Order OPISTHOBRANCHIATA H. Milne-Ed wards, J84S. 

The Gastropoda belonging to the class Euthyneura are all hermaphrodite 
and characterised by the detorsion of their visceral mass and nerve- 
commissure; in addition, they generally have two pairs of tentacles and 
exhibit a tendency, sometimes marked, to concentration of the nervous 
system. They fall fairly naturally into two orders — the Pulinonata, which 
are adapted for aerial respiration and life on land, and the Opisthobranchiata, 
which are adapted for aquatic respiration and a marine life. The 
Opisthobranch* thus come to form a well-defined group ; on the other hand, 
however, the division of this order is not quite so simple. 
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Certain authorities — e.ff, 9 Bergh (14 & 17) , von Jhering (52 & 53) — recognise 
three sub-orders : namely, the Tectibranchiata, the Nudibranchiata, and the 
Ascoglossa. The last-named sub-order is characterised inter alia by the 
possession of a uniseriate radula with teeth of a special form which, when 
worn out, are not ejected, blit retained in a sac lying at the base of the buccal 
apparatus [hence Saccoglossa von Jhering (52)]. The difficulty in accepting 
this classification lies in the fact that the Ascoglossa undoubtedly contain 
two separate groups — (1) the Lophocoreidie ( Lobiyer and Lophocercus) 9 which 
show certain marked affinities with the Tectibranchs, so that by some 
authorities they are included with them, and (2) the Herina?ida% Phyllo- 
branchuke, Placobranehidae, Elysiuhe, and Limapontiidw, which are 
undoubtedly more nearly related to the Nudibranchiata. Eliot (40), to 
overcome this, places the Loplioeercidee with the Tectibranchs ami the 
remaining families with the Nudibranchs. While this avoids one difficulty 
it creates another, for it does not sufficiently mark off these Ascoglossan 
forms, which deserve some recognition. Vayssiere (73) includes the 
Lopliocercidse (Oxymmda?) with the Tectibranchs and the remaining 
families he groups as a separate sub-order — the Ascoglossa, allied to the 
Nudibranchs. This restricts the application of the term Ascoglossa to the 
forms allied to the N udihranchs, and excludes from it the Lophocerehbe 
which are included under the older and original usage of the term and which 
are, of course, Ascoglossan. Polseneer (65) has but two orders in the 
Opisthobrancbs — the Tectibranchia and Nudibranchia. The latter he divides into 
four Tribes, of which the fourth (the Elysiomorpha) is identical with the 
Ascoglossa oE Vayssiere. While agreeing that the Elysiomorpha constitute 
a group of forms related to the Nudibranchs, 1 cannot accept Pelseneer's 
view that they are highly specialised Eolidoinorpha. Indeed, for a number 
of reasons that need not be entered into here, l am inclined to think that if 
there is any relationship between the Elysiomorpha and Eolidoinorpha it is 
the reverse of this, and the former are to be regarded as the more primitive 
and not the derived group. 

The difficulty remains, and further work on the doubtful and transitional 
forms will be necessary before it can be satisfactorily settled. For the 
purpose of the present paper it is intended to adopt the classification set 
forth by Vayssiisre in 1885 (73) and to divide the order Opisthobranchiata 
into three sub-orders — namely, the Tectibranchiata, the Ascoglossa, and the 
Nudibranchiata, using the term Ascoglossa in the restricted sense as identical 
with the Elysiomorpha of Pelseneer. 

Sub-order TECTIBRANCHIATA Cuvier, 1817. 

The Tectibranchs are characterised generally by the possession of a lateral 
or dorso-lateral gill (ctenidium) on the right side, protected by a fold of the 
mantle ; usually a shell, internal or external ; a radula, whose used teeth are 
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discarded. The asymmetrical position of the ctenidium involves also a 
certain asymmetry of the viscera that is not characteristic of the Nudi- 
brnnchiata. 

The main sub-divisions employed here are those suggested by Fischer in 
1884 ( 41 ) and adopted by Vnys-dere ( 74 ) and Pilsbry ( 67 ) among others, and 
the sub-order is split into three divisions : (1) Cephalaspidea. (2) Auaspidea, and 
(3) Notaspidea. Three of the species in the collection belong to the second 
group (the Anaspiden) and fall within the one family (the Tethyidsc). The 
other belongs to the last group, the Notaspidea. 

(2) TECTIBRANCHIATA ANASPIDEA Fischer, 1884. 

Tectihranehs that lack a fleshy head-shield ; tho head possesses two or 
four folded or split tentacles : the shell is spiral or plate-like, usually hidden 
by mantle, and with a posterior terminal nucleus, rarely absent ; the penis 
is near right anterior tentacle, the female aperture and vas deferens open 
near gill. 

Family TETII YIDjE ^Apltsiidjf). 

The animal is elongate; tho shell is in the forpi of an uncoiled concave 
plate, almost or entirely hidden, or absent; the neck and head are narrower 
than the body, the mouth is a vertical fissure : the epipodia or pleuropodia 
are recurved over hack, forming two lateral or dorsal lobes enclosing mantle 
and gill. The genital orifice lies within dorsil slit, communicating hy a long- 
furrow with the invertible penis, which lies near the anterior right tentacle ; 
the mouth is armed with horny jaws : the multiserial radula possesses 
similar teeth ; the stomach is armed with cartilaginous nodules; the anus is 
situated behind the gill. 

The name generally Used for the family is Aplysiida? from the generic 
name Aptysi<u but Li nine us in bis tenth rdition, 1758, uses the term Tetlu/s 
for an animal which he briefly defines and refers to a figure in Pomlelet, and 
this is beyond doubt the ordinary sea-hare usually referred to now as Aplysia. 
Later, in the twelfth edition, 1707, he applies the term Aphjsia or Laplysia 
to the very same creature, and uses the name Tethy* for the Niidihnmch 
commonly known as Trtht/s fimbria. Pilsbry has dealt fullv with this 
matter (66), and points out, quite correctly, that the term Trthya is the 
proper one for this genus and not applicable to Nudibranchs. lie adopts 
this nomenclature in his monograph ( 67 , p. 59), hut strangely enough retains 
the old family-name Aplysiida?, whereas the family should take its name 
from the oldest or typical genus of the family The correct family-name, 
however, is used by Hedley ( 50 , p. 107), 191 8. There is no doubt that Pilsbry 
was right in making this change, and the genus is Tethys with Aplysia as a 
synonym. It is to be regretted that earlier writers did not go hack to the 
original literature, but continued to use the word Aplysia and misapply 
the term Tethys . 
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Genus Tethys Linn. 1758. 

Type by designation, T. leponna Linn. ; 1\ limaeina Linn. 

.being unidentifiable. 

Synonymy : Aplysia Linn., 1767, and subsequent authors. 

Type, Laply&ia dept Ians Linn. 

The animal is swollen behind, narrower in front, with rather a long neck 
and head, bearing folded tentacles and slit rhinophores as is usual in the 
family ; the latter lie about midway between tentacles and dorsal slit. The 
pleuropodia arise in front of the middle of the animal’s length, are ample, 
freely mobile, free throughout their length or united for a distance behind. 
They are functional as swimming-lobes ; their anterior ends are separated. 
The mantle nearly covers the gill, having a median tube, foramen, or orifice 
communicating with shell-cavity, and produced behind in a more or less 
developed lobe or lobes, folded to form an excurrent siphon. The genital 
orifice lies under the front edge of the mantle, in front of the gill ; an 
opaline gland is present a short distance behind the genital opening. The 
foot is well developed. The shell is very thin and membranous with a thin 
calcareous inner layer; it is nearly as large ns the mantle, concave, with 
pointed small apex, bears a recurved lamina, and has a concave posterior sinus. 

I am aware that it is an extremely difficult matter in certain cases to 
identify members of the genus Tethys by their shells, which are on the whole 
very similar, but the two following species have been placed under the same 
names as previously recorded, but poorly described, forms. This has been 
done because I have had the opportunity to examine the type-material and in 
neither case have I been able to detect significant differences between the 
present and the previously described species. Further, the localities are in 
each instance sufficiently near to make it probable that they fall within the 
limits of the distribution of the respective species. Literature, moreover, is 
strewn with nomina nuda due to the multiplication of namos founded upon 
unsatisfactory descriptions or without sufficient notice of previous work. 

Species Tethys gigantea (Sowerby), 18f>9, Couch. Icon. vol. xvii., Aplysia , 
pi. 1, sp. 1, fig. la & 6. (PI. 27. fig. 1. PI. 29. figs. 20-22.) 

Body. The animal is very large, quite justifying its name of gigantea, and 
its body is plump, high, and somewhat egg-shaped. The visceral hump is 
placed relatively far back in the largest part of the body, which narrow's and 
gets lower as it passes forwards to the cephalic region. The very well- 
developed pleuropodial lobes arise a short distance behind the rhinophores, 
are freely and widely separable, and unite posteriorly to form a transverse 
fold across the hinder end of the body above the short but well-marked 
caudal prolongation of the foot. The moderately thick mantle is perforated 
by a small aperture over the centre of the shell. It covers the ctenidium, 
save for a narrow strip postero-laterally, but more completely than in the 
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next species. The anal funnel is strongly marked and protrudes between the 
hinder margins of the pleuropodia on the right side of the middle line. 
The integument is soft, and smooth, but thrown into a series of raised areas 
of irregular sizes and shapes, separated from one another by deep narrow 
grooves. The whole animal, more particularly in lateral aspect, presents a 
very characteristic appearance, recalling to some extent the appearance of 
crocodile-hide, but, as just noted, it is quite soft. 

The opaline gland occupies a well-defined region below the right anterior 
part of the mantle. It opens to the mantle-cavity by a very distinct, 
circular or slightly crescentic, single aperture and not by a series of apertures 
as in T. punctata . 

Colour. The colour of the preserved specimens is a very deep brownish 
grey with black lines running in many of the cracks, but also forming areas 
of interlacing tracery under the pleuropodia and in the caudal region. 
Professor Dakin informs me that in life the animal was of a deep opaque 
purple-green . 

/dimensions. The larger specimen measured, in the preserved condition, 
1»5 cm. long by 6*5 cm. wide and 6 cm. high, hut of course would have been 
much larger in life, as all these animals shrink considerably when preserved. 
Judging from the type-shells named by Sowerbv, one of the original speci- 
mens must have been at least a half or two-thirds as largo again. If we 
take the estimate made by Eales (33, p. 12) that when preserved T. punc- 
tata rarely measures “ more than a third of its length when alive/' and 
assume it to apply to T. gigantea , we see that it is possible that the present 
species may reach a length of about 60 cm. (say, 2 ft.). 

1 lead. The bead and neck-region of this form are quite well developed, 
although noticeably smaller than the body of the animal. The vertical slit- 
like mouth has a large auriculate tentacle on each side. These cephalic 
tentacles do not meet in the mid-dorsal line above the inouth, but an extension 
of each forms a sort of lateral flange passing on each side of the mouth. 
The postero-dorsal border of each tentacle is rolled, so as to form a very con- 
spicuous groove facing backwards and outwards. Below and completely 
hidden by the right oral tentacle is the penis. 

Foot. The foot is well developed, broad, and muscular. It is not sharply 
marked off from the pleuropodial lobes laterally, and in the larger specimen 
its surface presents the same u crocodile skin pattern as the sides of the 
body. At the anterior end it is separated from the head by a well-marked 
groove, and it is expanded into large semicircular lobes which meet across 
the anterior end. This is present in both specimens, but much more marked 
in the large one, where this frontal expansion of the foot projects laterally 
almost the width of the head beyond it on each side. The hinder end of the 
foot has a similar, but much smaller, expanded lobe borne on each side of the 
caudal prolongation. 

LINN. JOUBN.— ZOOLOGY, VOL. XXXV, 38 
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Rhinophores . The rhinophores, although considerably smaller than the oral 
tentacles, are very obvious cylindrico-conical structures lying close together 
in the dorsal region about halfway between the oral tentacles and the 
beginnings of the pleuropodia. Their terminal portion takes the form of a 
fairly thin flap folded upon itself so as to produce a deep groove facing 
laterally. 

Gill or Ctenidium. The large gill is crescentic in shape and forms a lobate 
plume. Tho anterior portion is attached by a wide base along the pallia! 
cavity and the posterior end is free. dust, the edge of the hinder portion 
protrudes from beneath the mantle. 

Shell. The shell is transparent, very thin and soft, and of a pale horn- 
yellow colour. The concentric lines of growth are clearly visible. That of 
the smaller specimen measures 62 mm. by 41 mm. The shell of the larger 
specimen was considerably larger, but left intact. The largest of the Sowerby 
shells in the British Museum was 96 mm. by 79 mm., but it is very dry and 
shrivelled. 

Labial Armature . The wall at the hinder end of the buccal cavity is lined 
by a thin semi-transparent cartilage-like membrane; this takes the form of a 
compressed tube, whose diameter is 9 mm. high and 4 mm. at its widest point 
and about 5 mm. long. This is strengthened by two flat cushion-shaped 
bands, 3’25 mm. wide, of a deep brown colour. They almost touch dorsally, 
but are slightly more widely separated at their ventral ends. Under the 
microscope it will be seen that these hands arc composed of an enormous 
number of tiny cylindrical rods with rounded ends, closely packed together to 
form a sort of “pile'* as ip velvet. In some works these hands are spoken 
of as " jaws,” but this is not a good term, as they cannot be considered us 
either homologous in structure or analogous in function with the jaws of 
Nudibranclis. 

Radula. The radula is very well developed, and in the smaller of the two 
specimens measured 15*5 mm. long by 14*5 mm. wide. The total number of 
rows in the radula was from 83-85. The number of teeth in the various 
rows was as follows : in the first row 5 (/.<?., 2. 1.2); in the tenth row 15 
( i.e ., 7. 1. 7); and in the seventeenth row about 119 (i. e., 59. 1. 59). The 
rachidial tooth is large and consists of a basal plate in the form of a trapezium 
with a deep notch in the middle of tho anterior edge and a leaf-shaped blade. 
The blade has a broad median denticle with 3 or 4 lateral spines increasing 
in size towards the base and the two lateral smaller denticles each flanked by 
one or two spines. The bases of the inner pleurals are roughly rhomboidal 
with curved sides. The blade contains two main denticle*, of which the 
inner is larger and has 5-6 lateral spines. The outer has 3-4 laterals, the 
basal one being larger than the others. The plenrals increase in size towards 
the outside, reaching their maximum more than halfway out. Here they 
are much longer and the two denticles are very large and almost smooth — 
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they have a very thin crenulated edge along their basal portions. The teeth 
decrease in size rapidly at the margin, and the last one or two consist of a 
single elongated basal plate with no spine. 

The conspicuous genital aperture is to be found just in front of the anterior 
edge of the mantle to the right of the middle line. The seminal groove is 
well marked and passes forward around the outside of the right rhinophore 
to the penis underneath the right cephalic tentacle. 

The anus lies on a fold of the mantle, to the right of the middle line behind 
the visceral hump. Tn this region the mantle is somewhat thickened and 
produced to form an anal funnel which projects beyond the pleuropodia. 

Notes , Two specimens were obtained from near Fremantle (some 250 
miles south of the Abrolhos region), and as Sowerby’s specimens were 
also from “Swan Itiver ” the present ones can probably be regarded as 
topotypes. 

Species Tethvs denisoni (Smith), Rep. Zool. Coll. ‘ Alert,’ p. 89 (1884). 
(PI. 27. fig. 2 ; PI. 29. figs. 23-25.) 

Body, The body is plump, high, and somewhat egg-shaped, being wider at 
the hinder end than at the front end, and it passes forwards into a narrower 
head or cephalic region. The visceral bnmp appears to be thrown rather far 
back as compared with T \ ( Aplysia ) punctata . The pleuropodial lobes arise 
laterally about as far behind the rbinophores as those are behind the oral 
tentacles ; they are moderately large and freely separable. Posteriorly they 
unite and form a sort of transverse flange across the hinder end of the body 
above the caudal prolongation of the foot. The mantle covers the shell, but 
possesses a small central perforation, audit also largely covers the cteuidium, 
which is free for a short distance at its postero-lateral end. The anal funnel 
is well developed. The integument covering the whole animal is very 
smooth, but thrown into wrinkles. 

The opaline gland is a well-defined body lying under the right anterior 
portion of the mantle and opening to the mantle by a single fairly large pore 
and not by a series of apertures as in the Kuropenn T. punctata. 

Colour, When preserved the animals arc of a pale greyish white and the 
wriukles are often black, very similar to those in T. gigantea. Professor 
Dakin informs me that in life they are of an olive-green colour with some 
darker mottlings. 

Dimensions . The largest specimen when preserved measured C cm. long 
by 3 cm. wide and 3*2 cm. high. 

Head . This may be regarded as including the head and neck. The mouth 
is terminal and takes the shape of a vertical slit; on each side is a fairly 
large auriculato tentacle. These pass down on each side of the mouth, and 
at their upper border are curled round to form a groove directed posteriorly 
and outwards. They are separated in the mid-dorsal line and show no 

38* 
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tendency to fuse and form a sort of veil as in T. punctata. Below and in 
front of the right oral tentacle lies the penis. 

Foot. The foot is large and muscular and fairly broad. It. is sharply 
marked off from the head at the anterior end by a groove, and posteriorly it 
is continued as a sort of tail. The plouropodia arise as dorsally-directed 
flaps from the median and postero-latoral region of the foot. 

jRlnnopbores. The rhinophores are two sub- conical projections about 12 mm. 
high, situated near the mid-dorsal line about halfway between the oral 
tentacles and the front end of the pleuropodia. They are deeply grooved 
along the terminal portion of their postero-lateral borders. 

Gill or Ctenid&um. The gill is well developed and is a lobate plume of 
crescentic shape. It is attached by a wide base along the antero-median 
margin of the pallial cavity, and posteriorly it passes out freely and the tip 
is exposed to a relatively greater extent than in the preceding species. 

Shell. The shell is pale yellow, transparent, with concentric lines of growth 
clearly showing, and it measures 28 mm. by 25 mm. (Smith's specimen 
measured 30 by 27 mm. — a fairly close approximation). The postero-dorsal 
umbo lies fur back on tho visceral mass. On the longer, more nrched. left 
side of the shell lie a ridge and a groove which run parallel with the edge. 

Labial Armature. The inner parts of the buccal cavity are lined by a thin 
hyaline layer of cartilaginous consistency. This takes the form of a tula? 
flattened laterally ; its internal dimensions are 5‘75 mm. high by 1*5 mm. at. 
its widest point and it is about 4 mm. long. It is strengthened by two 
slightly raised bands 2*5 mm. wide ; these almost touch dorsally, but are a 
little more separated ventrally. As in the preceding species they are com- 
posed of an enormous number of tightly packed circular rods. 

lladvla. The radula is well developed and measured 12*5 mm. long by 
I0’5 mm. wide when spread out on a slide. It is of a deep horn-yellow 
colour. The number of rows in the radula is about 48 and the number of 
teeth in the first row 3 (i. <?., 1. 1. 1) ; in the tenth row 45 (i. e.. 22. 1. 22) ; and 
in the thirty-fifth row about 87 (i. e., 43.1.43). The base of the rachidial 
tooth is roughly trapezoidal, with a deep rounded notch in the middle of the 
anterior border. The blade is leaf-shaped and relatively larger t.bnn in 
T. gigantea. It has a median spine bearing 3-4 lateral denticles and two 
lateral spines. The first of these has two lateral denticles and the other is 
smooth. The base of the first pleural tooth is approximately rhomboidal 
with curved sides ; its blade consists of two well-marked spines, the larger 
on the inside, and each bears a series of from 2-4 flanking denticles. The 
pleural teeth get larger as they pass outwards, reaching their maxinmm well 
over halfway out. The blade becomes elongated and the spines much 
longer, but they retain their lateral denticles, about 3-5 in number. 
Finally, near the lateral margin, first the smaller spine disappears and then 
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the larger, so that the last two or three teeth consist simply of a narrow 
oval basal plate. Ail the types of teeth differ from the corresponding ones 
in r L\ gigantea. 

The genital aperture lies a little to the right of the middle line, just under 
or very slightly in front of the anterior edge of the mantle, and from it the 
quite distinct seminal groove passes forwards to the penis, which, as noted 
above, lies just in front of and below the oral tentacle. 

The anus is situated at the hinder end of the visceral hump, practically in 
the mid-dorsal line and a short distance away from the hump, upon a fold of 
the mantle. In the neighbourhood of the anus the mantle is thickened and 
projects outwards in the form of a flap, which is coiled round in such a manner 
as to form a funnel, the anal funnel, which in this species is relatively larger 
than in 7 \ punctata, 

Hates, In all, five specimens of this species were obtained : two large ones 
about the same size from Wooded Island, two smaller ones with no exact 
locality given, and one quite small one from Pelsart Island. Professor Dakin 
in his paper on the Abrolhos (32, p. 170). when dealing with Wooded Island, 
makes the following reference, presumably to this* species : kt Nudibranchs and 
Tectibrancbs (Aplgsia sp.) were extremely common. We could have 
obtained hundreds of specimens of Aplgsia by merely picking them up as we 
waded in the shallow water. v 

Smith (70, p. 80) described a form Aplgsia denisoni collected by H.M.S. 
‘Alert* in the following manner : — 

* m Body (in spirit) high, exhibiting a distinct pedal disc, produced pos- 
teriorly into a caudal termination. The entire surface dirty whitish, black- 
veined in the wrinkles (? stains only). Mantles-lobes moderately large, 
commencing in front some distance behind the posterior tentacles and 
terminating a little in advance of the cauda. Anterior tentacles large, 
cylindrical, with the apical slit not extending halfway down the outer side, 
placed a little nearer the oral tentacles than the beginning of the mantle- 
lobes. Eyes minute, situated near the outer anterior base of the tentacles. 
Shell very thin, straw-colour, 30 min. long and 27 broad. Animal about 
three inches in length in its contracted state.’* 

This description, while not very exact, applies closely to the present speci- 
mens. It was, however, of an animal obtained from Port Denison, Queens- 
land, and I should have hesitated to regard it us identical, hml it not been 
possible to examine the original type-specimen in the British Museum. 
Smith's specimen, much discoloured by age and not well preserved, and the 
shell, dried and somewhat shrivelled, are still available. Taking into account 
the difference in condition of the specimens, 1 can see no way of distin- 
guishing between them, and so I have placed the present forms under Smith’s 
name, although they come from fairly widely-separated areas. 
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Genus Dolabrifera Gray, Proc. Zool. Soc. London, p. 162 (1847). 

Type by tautonomy and designation : 

]). dolabrifera Rang, Hist. Nat. Aplys. p. 51, pi. 4. figs. 1-6, ex Cuvier, 
lieg. Anim. (edit, i.) ii. p. 398, “ 1817 ” for 1816 (name only). 
Synonymy : Dolabrifkr Fischer, Mon. Conchyl. 1883, p. 668. 

The general form is ovate-oblong or sack-like, tapering towards the tail. 
Tentacles and rhinophores are slit and expanded distally, the latter lie nearer 
to the front margin than to the dorsal slit. The eyes are as in Tethys . 
The pleuropodial lobes arise far behind the middle of the length, are 
contiguous, scarcely mobile, united behind, and enclose a large gill-cavity ; 
the dorsal slit is short. The mantle is small, not perforated over the shell, 
nor covering much of the gill. The foot is broad, often expanded at the 
edges. The genital pore lies in front of the gill, under the mantle-edge. 
The shell is small, not spiral, solid and calcareous, and sub-triangular, 
trapezoidal or irregularly oblong ; the apex is projecting and calloused, 
with no spiral tendency. The radula bears large sub-triangular rachidial 
teeth, with several denticles on the cusp, and the lateral teeth possess long, 
coarsely denticulate cusps. 

Species Dolabrifera pelsartensis, sp. nov. (PL 27. fig. 3 ; PL 29. 
figs. 26-28.) 

Body . The body is oblong-ovate, reaching its maximum width behind the 
middle and passing backwards to a bluntly pointed tail. The hack is arched 
and the whole integument is wrinkled, and hears a series of wart-like pointed 
projections. The pleuropodial lobes take their origin towards the middle 
region of the body ; they ard not easily movable, and are separated by a slit 
lying slightly to the right of the mid-dorsal line and mainly in the posterior 
half of the animars length. At the anterior end the lobes are practically 
contiguous, but separated by the narrow genital groove. Within the gill- 
cavity, the mantle entirely covers the shell and is not perforated ; it only 
covers a small part of the gill. 

Colour . The colour of the preserved specimens is of a uniform dirty 
brownish grey, and Professor Dakin informs me that the living animals were 
much the same colour, but of a deeper warmer brown. 

Dimensions. The larger specimen measured 32 min. long by 9 mm. wide, 
and 8*5 mm. high. 

Head . The head is relatively small and the front of it is occupied by the 
vertical slit-like mouth. It is separated from the front end of the foot by a 
groove. Antero-laterally it bears two split auriculate oral tentacles. The 
tiny eyes lie just in front of and outside the rhinophores. In the larger of 
the two specimens the head is practically withdrawn into the body. 

Foot. The muscular foot is well developed and broad. At the anterior end 
it is bluntly rounded and, as noted, separated from the head by a transverse 
groove. Posteriorly it narrows off and terminates in a blunt point. 
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Rhinophores. The two rhinophores lie fairly close together, dorsally, just 
behind the oral tentacles and nearer to them than to the slit between the 
pleuropodia. Their extremities are grooved postero-laterally, but they are 
not so dilated as in some members of the genus. 

Gill or Ctenidhnn. The gill is composed of a single lamellated plume with 
the lamella; lying longitudinally, and it runs more or less transversely across 
the animal. 

Shell . The shell was very small, calcareous, and apparently trapezoidal, but 
was too crushed to allow of accurate description. 

Labial Armature. The labial armature, if present al all, is only very feebly 
developed. 

Radula . The radula is not large, but the teeth are v%oll developed. The 
total number of rows is 31. The tir&t row consisted of 2 (i. e. % 1 . 1.0), the 
fifth row of 27 (/. e., 13. 1. 13), and the twenty-fourth of 57 (/.?., 28. 1. 28). 
The raehidial tooth has a broad trapezoidal basal plate, which is incurved on 
both its anterior and posterior edges. The blade consists of a median spine 
bearing two tiny laterals, and four .smaller but almo>t equally developed spines 
lie on each side of this. Tile basal plate of the inner pleurals is rhomboidal 
with incurving long sides, and the blade consists of four large spines of which 
that nearest the rachis is usually the largest. Further out the spine- become 
extremely large, and the one nearest the rachis much the largest, so that the 
others are borne on its outer side. The outermost pleurals still have a large 
inner spine, but the next one to it is almost as well developed, and so they 
appear bifid. 

In general, the teeth are somewhat similar in type to those of Tetln/s , but. 
they differ sufficiently to be recognised as of a different genus. 

The genital aperture lies under the mantle-edge well in front of the gill. 
The seminal groove passes forwards to the penis, which is situated just below 
the right cephalic tentacle. 

The anus opens on the right side of the middle line behind the gill. 

Notes , The two specimens in the collection were both collected on Felsurt 
Island. 

They do not appear to be referable to any previously described forms, and 
so have been recorded here as a new species with the name 1 hlabrifera 
pelsartensis from the island on which they were taken. 


(3) TECTIBEAKCHIATA KOTASPIDEA Fischer, 1881. 

The mantle is well developed and covers the whole dorsal surface. It 
contains a somewhat small concave lamellar shell within a large pallial cavity. 
The shell may be absent or may itself be hidden by an external shell. The 
oral veil is marked and carries two dorsal tentacles (rhinophores). The gills 
are pinnate and situated laterally on the right side of the body. 
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Family PLBUBOBKANCHIDJ2. 

The Pleurobranchidse have not the large head-sheath o£ the Bullidae nor 
the large parapodia of the Tethyidse. They have a well-developed oral veil 
on a head marked off from the body. The oral tentacles are only moderately 
developed and cleft ; the rhinophores are usually considerably larger and 
are deeply cleft longitudinally. The back is covered with a thick or a thin 
mantle and this generally projects freely over the head anteriorly and over 
the tail posteriorly. Within the mantle is a more or less large shell (absent, 
however, in Pleurobranchcea and Oscaniopsis ). A single (in Oscanius double) 
genital aperture lies at the front end of the right side of the body. Above 
or below this, but still anterior to the gill, is a prebranchial opening or papilla 
leading into a sac. The gill is frequently tripinnate, and below it lies the 
urinary aperture. At the hinder end of the strand of tissue attaching the 
gill (the gill mesentery) lies the anus (in Pleurobranchm it is above 
the strand). The foot is moderately large anti overhung by the mantle 
(save in Pleurobranchcea , where it passes over into the side and hack of the 
body). The sole of the tail-region of the foot often bears a gland. 

Genus Berthella Blainville, Man. de Mai. et Conch. 1825, p. 469. 

Type by uiouotypy : B. porosa Blainville, ibid.— (Bulla) plnmula 
Montagu, Testacea Brit. i. 1803, p. 214, pi. 15. fig. 9. 

Type, therefore, B. j)fumula (Mont,.). 

Synonymy: Clxanthus Leach, Synop. Moll. Gt. Ilrit. 1852, p. 28. 

[ Pleurobranohus {purs) Jiergh, Malak. U liters. 1898, p. 117. 

The shell is haliotidiform, fairly tough, and shows lines of growth anti also 
longitudinal striae which, while faint, are nevertheless clearly visible. It is 
of a translucent amber-yellow colour. 

The animal is plump and oblong ; the mantle covers the whole body, its 
margin is entire, its front and hinder ends rounded, and it is separated from 
the foot by a deep groove. The gill is bipinnate and of moderate size. The 
two dorsal tentacles or rhinophores are inserted side by side between the 
mantle and the oral veil, and are auriform and deeply cleft. The foot is 
truncated anteriorly and bluntly rounded posteriorly where it projects 
slightly beyond the mantle. The labial armature is composed of two plates, 
each built up of a large number of irregularly arranged close-fitting spine- 
like pieces of chitin. The radula is well developed, without a rachidial 
tooth and the numerous pleural teeth have the form of knife-like blades 
bearing denticles at their distal extremities. 

Species Berthella plumula (Montagu), Test. Brit. i. 1803, p. 214. (PI. 29. 
figs. 29 & 30.) 

Body . The body is an elongated oval and slightly flattened. The mantle 
is well developed and overhangs the body all round, save for a narrow strip at 
the hinder end. The oral veil also projects in front of the mantle. 
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Colour . The colour of the preserved specimen is a translucent yellow-grey, 
and Professor Dakin informs me that, in life, it was of a uniform dull yellow 
colour. 

Dimensions . The preserved example measured 22 mm. long by 14 wide 
and 9 nun. high. 

Head. The head is flattened and covered bv the forward extension of the 
mantle. It bears a strongly developed oral veil, and this is continued out 
laterally into two short triangular expansions, which represent the oral 
tentacles and are deeply cleft along their lower outer edge. The mouth is 
a round opening under the head, and between it and the anterior extension 
of the foot. 

Foot. The foot is well developed, and, although fairly broad, it is overhung 
along the sides of the mantle, but probably the posterior end is free during 
locomotion. The anterior end is abruptly rounded and carried on beyond 
the mouth as a shallow flange, and the posterior end is bluntly pointed. 

Ithinopkores. The rhinophores are well-developed cylindrico-conical 
structures lying under the front end of the mantle at the hinder dorsal region 
of the head. They arise practically touching one another in the middle line, 
hilt diverge slightly as they pass Forwards and tiiey are deeply silicate on 
their outer margin?*. Just behind the base of each a well-marked, dull black 
eye-spot shows through the skin of the neck. 

UHL The gill is situated well forward on the right side of the body under 
the mantle. It is attached at the front or basal end and passes backwards as 
an elongated pyramidal structure, bearing about 2d lamella? on each side of 
a smooth rachis. 

Shell, The shell was, unfortunately, too damaged to admit of accurate 
description, but it appears to be very similar to that of JJerthella [ Fleuro - 
hvanchus] plumula as described and figured by various authors. 

Labial Armature . The labial armature consists of two oblong plates 
measuring 3 mm. long by 1 *5 mm. wide. They are of a horn-brown colour 
and are composed of tooth-like elements. Each consists of a lanceolate 
flattened blade coming to a single, sharp, noil-denticulate point, and bears, 
some way down on each side, a blunt triangular process, but these two 
projections are not opposite to one another. The elements agree with those 
figured by Bergh (27) and Vayssiere (75). 

Hadula . When flattened on a slide the pale yellow radula measured 4 mm. 
by 2 mm. It has no rachidial teeth and the pleural teeth are arranged in 
78-82 rows ; a typical row contains 280-290 teeth and the formula is 
(140-145) . 0 .(140-145). The teeth increase in size from the rachis out- 
wards, reaching their maximum well beyond the middle line ; they then 
decrease slightly, but the outermost teeth, although slender, are still longer 
than the innermost. All the teeth are of very similar shape and stand 
practically upright. They have a small base, from which comes off a long 
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thin curved spine like the blade of a knife. At its distal extremity it bears 
a set of saw-like denticulations on one side, over about one-third or one-halt 
its length. These vary in number from tooth to tooth from 7-14 and are of 
different sizes on the same tooth. 

The genital and prebranchial apertures lie immediately in front of and 
below the insertion of the gill. The anus is situated just at the hinder end 
of the gill-mesentery. 

Notes. This species is represented in the collection by a single specimen 
from Sandy Island. 

Cheesman (30) lias described a form, Pleurobranclius (perhaps liertliella) 
ornatvs , from New Zealand, hut it differs from the animal hero described 
in having brownish mottlings on the back and dark brown rhinopliores. 
Unfortunately, details of the radulaand labial armature arc not given. 

According to Bergli (27) the radula of 71. [ Pleurobranvhus ] plumula has 
100 rows of teeth 150 in a row, or, again (26), the radula is stated to contain 
120 rows with about 220 in the row, but it is not clear whether the 150 and 
220 in these descriptions refer to the number of pleural teeth on one side of 
the radula or on both. Vaysstere (75), however, while he does not state the 
number of rows in the radula, gives the formula as 140-155 . 155-140, which 
agrees quite closely with that of the present specimen. The form of the 
teeth also falls within the limits of the variations figured by different authors 
for this species. The radula, therefore, appears to be somewhat variable in 
constitution. 

The labial armature, as a whole and in its individual elements, and also the 
shell, as noted above, agree with previous descriptions. It would appear, 
then, that the present specimen belongs to the species B. plumula , although, 
if the agreement were not so close, I should hesitate to refer it to that species 
on account of its locality. B . plumula , however, had previously been 
recorded from Norway, Great Britain, France, Portugal, the Azores, the 
Mediterranean, and Lower California, so that it is of wide distribution. 


Sub-order ASOOGLOSSA Bergh, 1876. 

(Saccoglossa von Jhering, 1876; Elysiomorpha Pelseneer.) 

Branchiae or gills are absent or poorly developed. No shell is present. 
The pharynx is mainly adapted for sucking and does not possess jaws. The 
radula is short, uniseriate, and has teeth of a characteristic shape, which, when 
no longer required, are passed down into a sac or ascus lying at the base of 
the pharynx. The central nervous system is composed of 6 or 7 ganglia 
massed around the oesophagus. The otocysts contain only a single otolith. 
Two seminal vesicles are usually present. The penis is often armed with a 
spine. 
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Family PL ACOBRAN CHI l) M. 

The head is flattened, and passes over laterally into short leaf- or ear-shaped 
tentacles, which have their lateral margins rolled. The two closely set eyes 
show through the skin of the neck. The body is much flattened and its sides 
or man tie-folds expanded into wing-like flaps (these are not epipodial 
developments as in Tethys ) , which are usually held up over the body. Behind 
the neck is a noticeable swelling, the pericardial swelling containing the 
pericardia) cavity and the kidney, and at the right side of this lies the anus. 
The dorsal surface of both body and lateral expansions generally bears a series 
of low longitudinal folds or lamella). The foot is not sharply marked off 
from the body, its edge projects very slightly, and often its anterior end is 
bilabiate. 

There are no jaws ; the radula is short, uniseriatc, and has large teeth. 
These, when worn, are shed into the inferior radula-sac. The stomach is 
short and sac-shaped. The hermaphrodite gland is not discrete, but in the 
form of isolated follicles. The penis is protrusible and armed with a curved 
spine. 


Genus Placobkancuus van Hasselt, Alg. Konst en Letter-Bode, 

1324, 1. Deel, no. 3, p. 34. 

Type by monotypy, 1\ ocellatus v. Hass. 

The head is flattened, with a broad front, which bears on each side a short 
leaf-like or auriform tentacle whose side-margin is rolled. Two eyes, set 
close together, lie on the neck. The body is much depressed and bears two 
wing-like lateral expansions ; these are mantle-lobes belonging to the body 
and not epipodial appendages as in Tethys ; they are usually turned up over 
the body. Behind the neck is a fairly large pericardial swelling, on the 
right side of which lies the anal aperture. The upper surface of the body 
and the mantle-lobes bear numerous, longitudinal, parallel, low folds. The 
double genital aperture lies behind the right tentacle. The foot is not 
distinctly marked off from the body, anteriorly it is divided by a transverse 
groove into two eqni-sized lips. 

The bulbils pharyngeus is much as in Phyllobranchia. The radula is 
short and uniseriate, the teeth are large and persistent and passed on into 
an inferior sac. The penis is armed with curved spines. 

Species Placobranohus kxpansa, sp. nov. (PI. 27. fig. 4 ; PI. 29. figs. 31-34.) 

Body . The body of this form is extremely flat and somewhat elongated. 
It passes out without a sharp line of demarcation into the enormously developed 
mantle-lobes which project, as leaf-like expansions, many times the width of 
the body and are continuous behind with the posterior end of the body. The 
whole animal presents the appearance of a flat leaf slightly thickened in the 
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middle anterior region. It is usual in this genus for the mantle-folds to be 
folded over the dorsum, but there was no suggestion of this in the present 
species. Indeed, these lobes are much more developed than in other members 
of the genus and if folded would far more than overlap. Also their antero- 
lateral corner projects well in front of the head, so giving the animal a 
characteristic appearance not found in other members of the genus. 

Colour . The colour of the preserved specimen is a light brownish fawn 
with a large number of tiny black spots scattered irregularly all over it, and 
the mantle-margin is bordered all round with a black line about 1 mm. wide. 
Professor Dakin informs me that in life the colour was more of a greenish 
fawn with the black markings as in the preserved specimen. 

Dimensions . The length along the middle line was 23 mm., but the antero- 
median corners of the mantle projected about 1*5 mm. in front of this. 
Width across the widest point was 21'5 mm. 

Head . The head is flattened and abruptly rounded at the anterior end. 
On each side is a flattened auri dilate tentacle rolled at the lateral margin. 
In the specimen the head was somewhat retracted. 

Foot . The foot is practically indistinguishable, being represented simply 
by the thickening in the antero-mediau line on the ventral side. It is so 
reduced that it suggests that the animal was incapable of creeping. 

Branchiw . None. 

Radnla . The tadula is short and uniseriate ; it contains 12-14 teeth. The 
tooth has an oblong base with rounded corners, and the upper portion is 
carried on as a long, stout, slightly curved, noil-denticulate, almost conical 
spine. The bases of the teeth are closely approximated, so that each spine 
overlaps the whole of the 'base of the tooth immediately in front of it, and 
about half the next also. The spines lie down upon the succeeding tooth, 
which is slightly hollowed to receive them, save in the front tooth, which is 
almost upright and appears to be the only one in use. 

The dental sac contained twenty or more discarded teeth. Some of these 
are quite small, not a quarter of the length of that in use, so that it would 
appear that they are carried for a relatively long period of time. 

Notes. But one specimen is represented in the collection, obtained from 
the shore of Wooded Island. 

While it is here referred to the genus Placobranehus , it is, as noted above, 
different from the previously described members of the genus in the following 
points : — 

(1) It has non-denticulate teeth. (2) It has a relatively much greater 
extension of the mantle-lobes. (3) It has forward extensions of these lobes. 
Bather than make a new genus, however, it is included here, since in other 
points it agrees closely with the previously known members. 

The large expansions of the mantle and almost total lack of a foot rather 
suggest that it may be a swimming form. The name P. expansa is here 
suggested to call attention to the large mantle-lobes* 
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Sub-order NUDIBRANCHIATA Cuvier, 1817. 

Nudibranchs are marine hermaphrodite Opisthobranchiata without 
ctenidium and osphrudimn, and in the adult state without a shell. The larva, 
however, has a shell and operculum. The visceral mass is not marked off 
from the Foot; the body shows complete or approximate external symmetry 
and usually bears plumes or other appendages which assist respiration. The 
nervous system is concentrated in a collar behind the buccal bull), and the 
chief ganglia are placed on the dorsal surface of the oesophagus, being often 
partially united and sometimes fused into a single mass. The vas deferens 
is always an internal tube, never an external groove. The teeth, when used, 
are discharged from the body and not retained in a sac. Among the common, 
bn t not universal, characteristics of the Nudibranchiata are also the 
following : — (1) The dorsal tentacles or rhinophores are often laminated and 
retractile, features not recorded in any other group. (2) The kidney is 
rarely compact, but usually a system of ramified tubes. (3) The genitalia are 
often extremely complicated, both in tbeir essential plan and also owing to the 
presence of accessory glands and armatures. Besides this, the various sub- 
divisions show remarkable peculiarities of their own, such as the ramification 
of the digestive organs, the reduction of the teeth to a single row, and the 
presence of nematocysts. 

The classification of the Nudibranchiata here adopted is essentially that of 
Eliot (40) with the following four main differences : — (1 ) The Ascoglossa have 
been removed and treated separately for reasons noted in the introduction 
Eliot's family-names Doridid® Cryptobranchiat® and Doridid® Phanero- 
branchiat®, being binomial, cannot strictly be used, as the family must have a 
single name derived from that of its oldest and typical genus. Moreover, both 
these terms include a number of groups of forms, which, for the present at any 
rate, would appear to be more conveniently handled separately. It must be 
confessed that the classification of both these assemblages stands in need of 
further revision, a task outside the 9eope of the present work. (2) For the 
reasons just given the group Doridid® Cryptobranchiat® has been sub-divided 
into smaller families, whoso limits correspond with the similarly named sub- 
families as given by Borgh in his * System der Nudibranchiaten Gastero- 
poden ' in 1892. In certain cases the laws of priority have necessitated a 
change of name. (3) Eliot’s four divisions of the Doridid® Phanerobranchiat® 
have been regarded as independent families. (4) Investigation of the synonyms 
of various species has revealed the fact that certain names are incorrectly 
applied, as was pointed out previously. These have been rectified by the 
alteration of the names in the cases that appear to admit of no doubt, and such 
a change sometimes involves both the names of the genus and the family, even 
though the limits of these groups have not been altered. 

The sub-order is divided into two Tribes (A. Holohepatica and B. Clado- 
hepatica), a separation dependent in the main, as the terms imply, upon 
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whether the liver remains in one compact mass or is split up and branched. 
The two groups defined in this way, however, are separated by other 
associated anatomical differences, that indicate clearly a wider gap between 
them than is perhaps suggested by the mere condition of the liver. 

Tribe A. Holohepatica. 

Nudibrauchs in which the liver forms a compact mass, neither branched 
nor divided, and usually accompanied by the following characters. There is 
complete external symmetry ; the vent usually lies in the mid-dorsal line and 
is surrounded by a circle of branchial plumes ; the radula is of moderate or 
considerable width, save in the family Dendrodorida* (Doriopsidai) ; mandibles 
are rare ; the hermaphrodite gland is usually spread over ihe li\er as a layer, 
but sometimes forms a discrete mass ; as a rule, the genital ducts are 
triaulic and therQ are two receptacula seminis. 

Family DUVAUCELIIDJE (Tkitoniidje). 

The branchiae consist of tufts set along the man tie- region or occasionally 
they may be absent altogether. 

Genus S PH iE rostom a Macgill. Hist. Moll. Anim. Aberdeen, etc. (1843). 

Type by monotypv : 8. jamesonii Macgill. = T. hombergii Cuvier, 1803. 

Type : S . hombergii (Cuvier). 

Synonymy: Tritonia Cuvier, Tabl. El6m. Hist. Nat. 1798, p. 387, and. 

Nechomantrs Cistel, Natur. des Tierr. f. Schulen, 1848, p. xi. 
liiRTOPE Cistel, „ „ „ 1846, p. 171. 

The body is limaciform, but somewhat rectangular in outline, except at the 
end, where it tapers to » short tail. The foot is broad. Over the mouth is an 
oral veil bearing two grooved tentacles at the ends, and in the middle 
tubercles or processes. The rhinopbores are retractile into raised sheaths; 
they are not perfoliate, but surrounded by a few plumes. The dorsal margin is 
slightly prominent, and bears a single row of branchial tufts which are more 
or less arborescent. Anal and renal openings lie on the right side. The jaws 
are large, with several rows of denticles or prominences near the edge. The 
radula varies greatly in size in the different species, hut always consists of a 
broadish central tooth with a moderate or large number of laterals which are 
usually simply hamate. The first lateral is usually larger than the others, 
and somewhat clumsily shaped. The liver is not divided and sends off no 
branches to the gills. There is no armature either in the stomach or on the 
genitalia. The hermaphrodite gland forms a layer over the liver (Eliot). 

It will be noted that the name of tlie family is changed from Tritoniidse 
Cuvier, as this name is preoccupied, and Duvauceliidse substituted. Tritonia 
Cuvier being preoccupied lias to be replaced by Sphctro&toma Macgillivray, 
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1843. Dnvaucelia Risso, 1826, has to replace Candiella Gray, 1853, as the 
valid name for this genus, and thus the oldest generic name in the family 
becomes Dumuodia , from which the family-name is derived. The matter has 
been fully dealt with by Tredale and O’Donoghue (51a, p. 229), and is again 
referred to under the Family Euphuridae (Polyceridre). 

Species Sphjcrostoma dakini, sp. nov. (PI. 27. fig. 5 ; Pi. 29. figs. 35-40.) 

Body. The body is oblong, limaciform,and like a typical Sphnrostoma. It 
is moderately high, the back flat, and there is a slight pallial extension along 
the edges of the back in the line of the branchial plumes. The dorsum passes 
forward and out as a well-marked, strongly bilobed, oral veil, which bears 
about six or seven dendriform processes on each side of the middle line. The 
short tentacle at each lateral margin of the veil is grooved throughout its 
length upon the ventral side. 

Colour. In the preserved condition some of the specimens were of a dull 
grey colour, and some of the same general colour but plentifully marbled 
with dark brown. Professor Dakin informs me that the living animal is of 
a dirty pinkish colour with brown markings. 

Dimensions. The specimens varied somewhat in size, and the largest 
measured 88 mm. long by 25 nun. wide and 25 mm. high. The lateral 
margins of the oral veil project about 15 mm. 

Head. The head is sub-globose, distinct, but not projecting, and the mouth 
is in the form of a longitudinal cleft.. It is completely overhung by the 
bilobed oral veil. 

Foot. The foot is of moderate width and of the same length as the body. 
At the front end it is bilabiate, and posteriorly it passes b;ick to a blunt point. 

Bhinophores. The rliinophores are retractile within short, stout, cylindrical 
sheaths. This sheath is provided with a funnel-shaped collar with a wavy 
edge and a deep cleft on its antero-lateral side. The clavus bears a ring of 
six simply pinnate plumes, the most anterior is quite small, the most 
posterior is much larger than the others and is continued upwards as a bluntly 
rounded projecting cylinder. 

TJranrhia \ The brancliire are in the form of a series of dendritic tufts along 
the side of the dorsum. They are paired and decrease in size as they pass 
backwards; the anterior plumes are attached by a wide long stalk and quite 
distinct from one another, but at the posterior end the stalks are shorter and 
closer together, so that they form a more or less continuous group. About 
ten large distiuct plumes are present on each side, and a terminal group 
composed of from 3-5 smaller branchiae. They are of the same colour as the 
body of the animal. 

Radula . As in all the Duvauceliid® the pharyngeal complex is very large 
and the radula very well developed. The total number of row's in the 
radula is 65-67 and the number of teeth in a row — in the first row 9 (t. 
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3 . 1 . 1 . 1 . 3) ; in the tenth row 81 (t. £.,39.1.1.1. 39), and in the sixteenth 
row about 273 (i. £., circa 135. 1.1.1. 135). When removed and flattened on 
the slide the radula measured 1 1 mm. along the middle lino by 12 trim, at 
its widest point. The basal plate of the rachidiul tooth is approximately 
rectangular, and the blade consists of three large spines, of which the 
median is the largest, the most pointed, and it projects well in front of the 
anterior margin of the basal plate. The lateral spines are blunt and much 
shorter. The first pleural tooth has a roughly rectangular base, but it is 
very irregular and it bears a single blunt and irregular spine. The remaining 
pleural teeth are all of a simple hamate form : they increase in size as they 
pass outwards, reaching their maximum between the 90th— 120tli, and then 
they decrease rapidly to the margin. 

Jaio. The jaw, as is usual in the family, is very large and strong. Its 
most prominent feature is the series of serrations that mark its cutting-edge. 
They are quite small at the upper anterior end near the crista connectiva , 
where they first appear as the continuation of a wavy raised ridge, but 
they increase noticeably in size as they pass backwards. On the processus 
masticatorius they are quite large, nearly 1 mm. high and easily discernible 
with the naked eye. The denticles are deep brown in colour, and appear to 
be inserted into a lighter-coloured ridge. The well-developed jaws measure 
18 mm. long by 4*5 mm. at their widest point, and arc of a deep horn-brown 
passing off almost to black near the cutting-edge. They are somewhat 
narrower than in other species of the genus, and perhaps more widely 
divergent at their posterior ends. 

The genital aperture is situated about halfway up on the right side near 
the level of the second brahehial plume. The penis is short, conical, and 
unarmed. 

The anal papilla lies just behind the third branchial plume, high up on 
the right side of the body. 

Notes . There are five specimens of this species in the collection : three 
with brown mottlings and two quite grey — none with closer locality given 
than Abrolhos. 

However, it is almost certainly the animal referred to by Professor Dakin 
in his report (32, p. 170) as coming from Wooded Island*, since his remarks 
can apply to no other form in the collection, and the long branchiae do give 
it a spurious resemblance to Dendronotus . He says, “Another animal which 
was extraordinarily abundant on this little stretch of Lagoon flat (only on 
the margin) was a large and beautiful nudibranch, almost certainly new 
and allied probably to Dendronotus. The singularity of its occurrence is 
accentuated by the fact that, notwithstanding its abundance here, not a 
specimen was captured anywhere else at the Abrolhos, and on our second 
visit in 1915 it was just as common at this place as two years before.” 

* [This observation is quite correct. — W. J. I), j 
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of teeth iu a row: — in the first row 25.0.25 (i. 50); in the tenth 
row (117-120). 0. (117-120), i.e. (284-240); and in the seventeenth row 
(130-135). 0.(130-135), i.e. (260-270). There is no rachidial tooth. The 
inner teeth are in the form of an oblong base bearing a short curved spine. 
They increase noticeably in size to beyond the middle of the row, where they 
are hamate with a bluntly pointed corner in the middle of the back. At the 
outer edge they become somewhat more triangular in side-view, and the last 
5-6 have a small rounded denticle near the apex of the spine. 

The prominent genital aperture lies on the right side about a quarter of 
the length of the body from the anterior end and high up beneath the narrow 
mantle. 

Xntes. This species is represented hv two specimens. The larger one taken 
from near Fremantle and the smaller from the Abrolhos Islands. The 
latter is interesting, because it hears the parasitic cope pot Is described later. 

The type-specimen in the British Museum described by Abraham (1) has 
for its locality simply Australia, it was recorded by the same author from 
West Australia as C. ohloa<jnm. Basedow and Hadley report it from 
Sydney Harbour. New South Wales ; St. Vincent Gulf, South Australia, 
20 fms.: Antechamber Bay, Kangaroo Islands, 20 fms. (?) ; Port Noarlunga, 
low water, and Salt ( 'rook Bay, Yorke Peninsula*. 

Family DKXDItODOBIDIDjE (Doutofbiojs). 

The body is nearly always soft and the general shape much as in 
Archidorididir*. The mouth is in the form of a small pore ; the tentacles are 
small and partly adherent ; the rhinophores and branehite are very similar to 
Archidoridid/e. The notmum is smooth or tuherculate ; the pallia! margin is 
well developed and often with an undulating margin. The foot is broad and 
much as in Arehidorididm. 

The buccal tube is simple and non-glandular. The Bulhus pharyngous is 
suctorial, elongated, cylindrical, and destitute of mandibles or radula. The 
end of the liver is deeply notched. 

The penis is armed witli a series of hooks. 

Genus Dendiiodouis JShrenberg, Symb. Phys. 1831 
[unpaged, but on p. 1)4]. 

Types by subsequent designation : T). luguhris Ehrenb. ; vide Gray, 

Proc. Zool. Soc. Lond. 1847, p. 164. 

Synonymy; Doriopsis Pease, Proc. Zool. Soc. Loml. 18(10, p. 3*2. 

Type by monotypy, I), granulosa Pease. 

Kachodoius Mdrch, Jour, de Conch. 3rd ser. iii. 1803, p. 34. 

Type by original designation, D. laciniata u Cuv.,” auct. 


* [It was found later by me at Albany, King George Sound, on the South Coast of Western 
Australia. It bos thus a wide southern range with northern extension. — W. J. Dakin.] 
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fold, which is rounded at the anterior end, much wider posteriorly, and 
terminates in a median tongue-shaped projection. The dorsum and sides of 
the body are quite smooth. 

Colour . The colour of the preserved specimen is a uniform dull yellowish 
brown. Basedow and liodley (8, p. 143) give a full account of ifs coloration 
and some excellent figures (8, pi. i.>, and Professor Dakin informs me that 
the present specimens agreo with them. The general colour is shaded pinkish 
buff and pinkish brown : the darker colour is more prevalent towards the 
margin. Along the margin of the dorsum are a series of light areas, each of 
which has a violet-purple spot surrounded by a ring of reddish purple. The 
mid-dorsal region is strewn with scattered circular spots of a light violet- 
purple colour, in some eases surrounded by a rim of light yellow, and some 
of these lie in front of the rhinophores. The postero-modian projection of the 
dorsum is eo\crcd with a network of brown lines. 'The sides of the body are 
similarly coloured to the dorsum, and have a number of small spots approxi- 
mately arranged in three hands : — the upper and lower are of a rich purple 
and I he median spots of a light violet-purple. The rhinophores and the 
brunchhe are of a rich reddish-orange 1 colour. 

Dimensions. The larger specimen, preserved in spirit, measured : 92 mm. 
along the foot from the tip of the tail to the front end ; breadth of the body at 
the widest part 22 mm. ; height of the body 26 mm. ; breadth of the dorsum 
anti mantle at the anterior end 22 mm.; at the posterior end 36 nun.; 
length of tail on dorsal side from the end of dorsum to tip 3tS mm. Basedow 
and Iledley's measurements are '* length 111, breadth 25, height 31 nun.,” 
so that, allowing for shrinkage, the present specimen was almost the silme 
size. 

Head. The head is small and inconspicuous, and is completely overhung by 
the anterior end of the mantle. The mouth is small and in the form of a 
longitudinal slit running vertically. On each side of the mouth is a short 
sub-conical oral tentacle, which can ho retracted into a sort of shallow pit. 

Foot. The foot is linear, rounded at the anterior end, passes off to a blunt 
point posteriorly, and its margin is wavy. 

Rhinophores. The club-shaped rhinophores are perfoliate, and the clavus, 
which is a little more than half the total length, hears a number of closely 
packed leaves, Bach is completely retractile within a cavity, which has the 
margin of its aperture slightly elevated. 

Branchial. The branchial plumes are twelve in number and incompletely 
surround the anal cone. The bases of the plumes show a marked tendency 
to fusion, and the posterior five on each side almost appear to arise from one 
ridge. Each plume is somewhat dendritic in arrangement. 

They are all retractilo together with the anus within a cavity that has the 
margin produced into a short tube. 

Radula . The radula is strong and when removed and flattened measured 
12 mm. by 9*5 mm. The number of rows of teeth is 74—76 and the number 
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have been wholly brown.” This agrees closely with my own observations, 
and the peeling oE the epidermis is also similar. The radula formula is 
given as 60 . 0 . 60, and the total number oE rows 23 ? this is not quite the 
same, but the teeth are apparently identical. He says, Eurther, “oral 
tentacles white ; large, flat, and distinctly grooved.” This is not at all in 
agreement with the present specimens, and, indeed, is not found in other 
members of the genus. Eliot's form from its teeth and other features 
undoubtedly is referable to this genus, and I am inclined to think that this 
description of the tentacles is not quite accurate. 

In spite of this one serious discrepancy, the present forms agree so closely 
with the description of J. affinis given bv Eliot, that I think it safer to refor 
them to that species than give them a new specific name. 

Genus Ceratosoma Adams & Reeve, Voyage of 4 Samara ng,’ 1848, p. 67. 

Type by inonotypv : C. covniyevium , Adams & Reeve, idem, p. 68. 

Species (Ceratosoma b r e v rc ait d atu m Abraham, Ann. & Mag. Nat. Hist. (4) 
xviii. p. 142. pi. 8. fig. 6 (1876). (PI. 28. fig. 14 ; PI. 30. 
figs. 57-59.) 

Synonym : C. oblonytun Abraham, /. c. p. 140, pi. 7. figs. 7, 7 a, 7 b. 

Bergh f25) suggests that C. cahdonicum Fischer, C. tenve Abralmm, 
and C. ahlongmn Abraham are all synonyms of ('. brerieaudatum Abraham. 
Basedow and Hedlev (8, p. 154) call attention io the following : — in thecaso 
of C. culedonicum . Fischer's description indicates an animal with the lobes of 
the noticum more developed, and the colour-scheme in the. two forms is 
entirely different. This being so, it seems undesirable to merge the two into 
one species without further evidence. The same two authors suggest, that, the 
differences between (\ bvevicaudatnm and C . oblong inn arc due to the amount 
of contraction undergone upon or before preservation, and state that they 
have obtained examples of this species exhibiting similar differences from the 
same dredging. An examination of the external characters of the original 
specimens described hv Abraham, and preserved in tlie British Museum, leads 
me to think that they are probably right, and that C. oblonyum is to he 
regarded as synonym of < \ bvcvicau datum. I have also examined the original 
example of C. tenue described by Abraham, and, while it is possible that it 
may also he a synonym, it is somewhat different in appearance, and it is 
probably better — for the present, at any rate — to keep it separate, as has been 
done by Basedow and Hedlev. 

The specimens here described agree closely with the original description 
given by Abralmm and that furnished by Basedow and Iledloy, and are 
undoubtedly referable to C. bvevicaudatnm . 

Body. The body is large, elongated, slightly wider in the middle than at 
the two ends, and it increases in height from before backwards to the middle 
or just beyond. The sides are high, almost vertical, and practically parallel. 
The back is flattened and continued out into a narrow undulating mantle- 
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Colour . The body-colour in the preserved state is of a pale yellowish grey, 
in two specimens with a deeper yellowish-brown narrow line around the edge 
of the notssum and the foot. In places this line bears still darker dots. In 
a third specimen the anterior end of the sides of the body, the notssum in 
front of the rhinophores and behind the branchial aperture, and the dorsal 
region of the tail are of an umber-brown covered with dark spots. The 
largest specimen has this coloration still more strongly developed, and the 
whole of the notranm, body, and foot is of the same umber-brown covered with 
dark irregular spots, and the anterior region of the not&um is of a verv dark 
brown, almost black. Professor Dakin informs me that the living animals 
were similarly coloured, but the brown somewhat warmer. 

Dimensions The largest (and darkest) specimen measured 24 mm. long by 
13 mm. wide and 12 nnn. high, but this is somewhat distorted. Three others 
were more or less of a size, and measured 20 mm. long by 9*5 mm. wide and 
9 mm. high. 

Head . The head is small and inconspicuous ; it bears a short sub-cylindrical 
tentacle on each side, between which the mouth appears as a small circular 
aperture. Each tentacle bears a longitudinal groove on its under surface. 

Foot . The foot is moderately broad and its sides fairly parallel. The 
front end is abruptly rounded and the hinder end passes off to a point. 

Rhinophores . The rhinophores have a short cylindrical stalk and sub-conical 
perfoliate elavus. They are completely retractile within cavities, whose rims 
are raised into short dark-coloured tubes. 

Branchiw. The five small, dark-coloured, tripinnate, branchial plumes are 
arranged in almost a complete and very narrow circle. They are retractile 
within a cavity with a circular noil-raised aperture. 

Radula . The radula when removed and flattened measured 3*5 by 2*5 mm. 
It is well developed and has no raeliidial tooth. The number of rows is from 
27-28, and the number of teeth in a row is : — in the first row 6.0.6 (£. e. 9 12) ; 
in the tenth row 42.0.42 (i. <?., 84) ; and in the twentieth row 46.0.48 
(i. e. 9 92). The inner teeth are small simple hooks, somewhat angular and 
without denticles. They increase markedly in size and become simple 
curved hooks. Towards the outside they decrease noticeably, and they turn 
into short hooks only slightly curved. 

The anus lies within the circle of gills at its hinder side. 

Tho genital aperture lies about halfway up on the side near the anterior 
end of tho body. 

Notes. This species was represented by four specimens collected on 
“ Wooded Island.*’ 

Eliot ( 38 , p. 343) described a form from New Zealand of which he says, 
u Colour dirty white with irregular mottlings of dark reddish brown. The 
epidermis peels off very readily, and it is possible that the brown mottlings 
may have been much more extensive, or even that the dorsal surface may 
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liadula . When removed and flattened the radula measured 5 mm. by 
3'25 mm. and was large and well developed for the size of the animal. The 
total number of rows in the radula was 83-85, and the number of teeth in 
each row : — in the first row 20.0. 20 (i. 40) ; in the tenth row 72.0.72 
(t\ e ., I 44) : and in the eightieth row 76 . 0 . 76 (*. e ., 152). There is no rachidial 
tooth. The innermost teeth are small but stout, and consist of an elongated 
base with a marked hook, on the side of which area series of from 4-6 small 
triangular denticles. The teeth increase in size as they pass outwards and 
the hook becomes larger, hearing on its inner curved edge a series of 6-8 
denticles and terminating in a lounded point. The outermost teeth are 
slightly smaller than those nearer the middle of the row. They have their 
bases much smaller, and the denticles are reduced to one or two blunt pro- 
jections near the end. 

The genital aperture is placed high up on the anterior end of the right 
side of the body. 

Notes. In all there were rix specimens in the collection ; three were from 
the Abrolhos Islands with no further details ; two were from the shore of 
Wooded Isle, one of which hud the pharynx exserted ; one was from the 
shore of Long Island, and this was very dark in colour. 

It does not appear to correspond with any previously described form. 

Genus Aphelodorts Bcrgh, Malakozool. Hiatt. 1879, p. 107. 

Type by monotypy : A . anti lie nsis Bergh, ibid. p. 108. 

In outward appearance these forms very closely resemble the Glossodorids, 
and have a well-developed notseum beyond which the tail projects. The 
mantle-edge only projects a very short way. The foot is fairly small, rounded 
in front, and not very sharply marked off ti\ in the body. The rhinophores as 
in (Jlossodoris. The oral tentacles are short and stunted, and have a cleft on 
their underside. The retractile gills are composed of a few (5) tripinnato 
plumes. The lips are only covered with a moderately thick cu tic ula. There 
is no rachidial tooth, and the pleural teeth are numerous and hamate. Only 
a posterior blood-gland is present. The prostate is large and the penis 
unarmed. 

Species Apujslodojeuh affints Eliot, Proc. Malac. Soc. Bond. 1907, p. 343. 

(PI. 27. fig. 10 ; PJ. 30. tigs. 54-56.) 

Body. The shape of the body is typical of the Glossodorids. The notseum 
is a moderately long oval with its long sides approximately parallel and the 
ends equally rounded. It is carried over all round into a narrow pallia! 
ridge. The body is fairly stout and its sides almost upright, running down 
to a moderately wide foot. The lower part of the body extends out beyond 
the not&mn as a tail. 
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so that on the outside it obliterates the bine band and on the inside it passes 
across to the other side as a broad band, thus isolating, as it were, two islands 
of the light blue ground-colour on the notseum. Two similar bands of dark 
colour pass back on the dorsal surface of the tail. 

In the preserved specimens all trace of the orange, red, and bright blue 
colours has disappeared and the whole ground-colour is of a dirty brownish 
fawn ; the dark lines, on the other hand, are quite clearly visible. In addition 
to those already noted on the drawing, a narrow dark band passes around 
the sides of the body at the line of junction of the mantle-fold, and near the 
anterior end it loops downwards and backwards. It then passes back 
parallel with its former course, but lower down the side of the body, as a 
fairly broad streak running out on the dorsal surface of the tail as the two 
lines already noted. Under the posterior end of the mantle all these dark 
lines may unite and pass back right to the end of the tail as a single broad 
band. A narrow dark band runs right around the upper margin of the foot 
and out to the tip of the tail, where it may or may not unite with the lines 
already described. 

The striking and characteristic distribution of these dark lines is fairly 
constant in all the specimens and shows well after preservation. 

Dimensions. The specimens were all about the same size, and measured 
when preserved : — noheum 20 mm. long by 10 mm. wide ; foot 22 mm. 
long ; body 17’5 mm. wide. 

Head. The head is quite small and overhung by the forward extension of 
the mantle. The mouth is a small longitudinal slit, and on each side there 
is a small cylindrical tentacle, much contracted in all specimens. 

Foot. The foot is linear and its sides almost parallel. It is rounded and 
bilabiate in front and passes off to a pointed tail posteriorly. The sides of 
the foot arc marked off from the body by a marginal flange. Judging from 
the sketch of the living animal, the tail may project beyond the notaeum 
about half the length of the latter, but in the preserved specimens it is 
usually curled up and hardly projects at all. 

Rhinophores. The rhinophores have a short stalk and a cylindrico-conical 
perfoliate clavus. They are completely retractile within cavities which have 
a slightly raised margin. 

Branehifp. The branchiae are fairly simple and arranged in an almost 
complete circle. The anterior ones are simply pinnate thread-like plumes, 
sometimes tending to be bifid at the distal extremity ; these number nine, 
although there is a tendency to fusion at their bases. At the posterior end 
on each side is a group of tour similar, but smaller, pinnies more closely 
united at the base, and these when extended may appear as four branches 
from one stalk. 

The anus lies in the middle of the branchial circle. All can he completely 
retracted within a pocket with a circular aperture surrounded by a slightly 
raised margin. 
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genus of its own, often but incorrectly termed Cassella H* & A. Adams, 
1858 (8). 

The i Joniodoris of Forbes, 1840 (42), still remains as a valid genus, and so 
does not enter the synonymy, although certain forms originally included in 
it really belong to Glossodoris. 

The body is elongated and rectangular or almost square in transverse 
section. The smooth dorsum is an elongated oval, rounded in front and 
behind, and with its long sides approximately parallel. The mantle projects 
slightly all round and usually forms a frontal and caudal veil. The foot is 
large and continued backwards as a fairly long pointed tail. The sides of 
the body are vertical. The oral tentacles are small and conical ; the 
retractile rhinophores have a porfoliated clavus. The retractile branchiae 
are composed of simply pinnate leaves. The armature of the labial disc is 
strong and composed of a number of densely-set small hooks bifid at the tip. 
The rad u la contains no rachidiai teeth, but there are frequently thickenings 
which take their place. The lateral teeth are numerous and hook-shaped ; 
the first lateral tooih is denticulate on both sides, the rest denticulate only 
upon the external margin ; the outward teeth are smaller, and denticulate 
at the extremity. The penis is unarmed. 

Glossodoris resembles fairly closely in general appearance and shape 
( ioniodoris , but the latter is phuncrobranchiute. It is also much like Aphelo- 
doris , but differs in the presence of labial armature, of denticulate teeth, and 
simply pinnate branchial. 

Species Glossi moias vvestraliexsis, sp. nov. (PI. 27. tigs. 8, i) : PI. 30. 
tigs. 51-53.) 

Body. A coloured sketch by Professor Dakin from the living animal 
shows that its general shape was that of a typical Grlossodorid, but the 
preserved specimens have shrunken considerably, more particularly in the 
tail-region. The notacum is a fairly narrow, fiat oval, equally rounded at each 
end and the sides almost parallel. In the preserved specimens it contracts 
considerably, becoming less rectangular and more arched. The sides of the 
body pass inwards to a moderately narrow foot and the mantle only projects 
a very short distance. 

Colour . From Professor Dakin's sketch the general body-colour appears 
to be a bright blue. The notamm is bordered by a narrow band, yellow on the 
inside and orange-red right at the margin. The rhinophores are orange-red 
and the branch he red. On the notmum inside the marginal line is a narrow 
band of blue and then a slightly wider band of deep purple, almost black. 
This deep band passes round in front and lateral to the rhinophores, and may 
or may not enlarge slightly to include the margin of their sheaths. At the 
posterior end it passes round more or less parallel with the margin and 
behind the branchiae. In the middle of the notaeum the dark band enlarges. 



OHSTHOBR AN CHI AT A FBOM TrfE ABR0LH08 ISLANDS, 


m 


Genus Glossodqjris Ehrenberg, 1831, Symb* Phys. [unpaged, 

but on p. 92 J. 

Type by subsequent designation : G. xantholeuca Ehrenb. Red Sea. 

Gray, Proc. Zool. Soc. Lond. 1847, p. 164. 

But G. xantholeuca Ehrenb. as Doris pallida Rupp. et Leudk., 1828. 

The type is therefore here designated G . pallida (Riipp. et Leuck.), 1828. 
Synonymy: Acting do ms Ehrenberg, 183]. 

Type by monotypy : A. sponaa, Elirenb. Symb. Phys. [p. 93] ; vide also 
Gray, Proc. Zool. Soc. Lond. 1847, p. 194. 

Ptkrodouis Ehrenberg, 1831. 

Typo by subsequent designation : P. picta Elirenb., Gray, Proc. Zool. Soc. 
'Lond. 1847, p. 164. 

Chromodoris Alder & Hancock, 1855. 

Type by original designation and monotypy : I), magnified Quoy et Gaim., 
Alder & Hancock, Mon. Jlrit. Nud. Moll. pt. vii. 1855, p. xvii. 

Goniobuanchus Pease, 18CG. 

Type by designation : G, vibrata Pease, Pease, Amer. Jour. Couch, ii. 
I860, p. 204. . 

Chromodoris, the generally accepted mime for this genus, was introduced 
b\ Alder and Hancock (vide supra). These authors in a subsequent paper 
(6, p. 113) say : — “The Goniodoris of Forbes has hitherto been considered a 
northern form — the southern species which some authors have referred to.it 
belonging almost without exception to the allied genus Chromodoris , which, 
on the other hand, has not been found further north than the Mediterranean. 9 ’ 
The name thus introduced was used by Bergh (11, p. 72), who gives as 
synonyms Poriprismatica d’Orbigny and < Joniohranchus Pease, and again 
in 18 (i>. 1), but this time with the syuonyms Glossodoris , Actinodoris, and 
Pterodoris , all of Ehrenberg, 1831, twenty-four years earlier than Alder and 
Hancock's name. Bergh points out there and again in 1884 (23, p. 65) the 
identity of Ehrenberg’s genera with that of Alder and Hancock, and in this 
he is right. 

Thus, in spite of the common usage of the generic designation Chromodoris , 
there is no doubt that Ehrenberg's names have considerable priority. The 
question us to which name should be employed is easily settled, for, while 
they were all published at the same time, Glossodoris comes first in order, 
and the first species is given as G . xantholeuca , which Gray (44, p. 164) 
designated as the type-species. Bergh, in a paper where he re-examines 
Ehrenberg’s types, states, in our opinion rightly, that G . xantholeuca is the 
J J. pallida (Riipp. et Leuck.), and that all species of Glossodoris are con- 
generic. The genus then stands as Glossodoris with the type-species 
G. pallida (Riipp. et Leuck.). 

In various places Bergh includes JJoriprismatiea d'Orbigny, 1837 (11), as 
a synonym ; but, while part of d'Orbigny’s genus belongs to the present 
group, the type, D. atromarginata Cuv., 1804, is in reality a member of a 
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The genital aperture, as usual, lies on the right side of the body near the 
anterior end. 

Labial Armature . No labial armature was found. 

Jfates . One specimen only is in the collection, and this was accompanied 
by the locality-label “ Shore of Wooded Isle.” 

Eliot ( 36 , pp. 305-356) calls attention to the difficulties encountered when 
trying to determine the position of a Oryptobranchiate Dorid, and in dealing 
with the present form they have come before mo frequently. Bergh’s family 
Doridkhe Oryptobranchiatm is divided into five sub-families and about 30 
genera, practically all of which were created by Bergh himself, and certain 
of them contain only a single species. The differences between some of the 
genera are so slight that, unless Bergh's own species are dealt with, it is 
difficult to determine where to place a new form. There seems no doubt 
that the whole family stands in need of considerable revision before it can be 
regarded as satisfactory. The present specimen agrees closely with the 
genus Asteronotusi and in general form, and perhaps even colour, somewhat 
resembles the A. hemprichi Ehr. as figured by Eliot ( 36 , pi. xxxiv.), but it 
differs in certain points. The radula formula is different, the individual 
teeth are not quite same, the branchiae number five, etc. For these reasons 
1 have described it as a new species under the name of u-UfmmoJws 
Justus . 


Family GLOSSODOKIDiDiF (CuKOJdODoitnu.N.i: Bergh). 

It has been pointed out above that Bergh’s binomial family-name Dorididse 
Cryptobranchiatse cannot possibly be allowed to stand. It is proposed, there- 
fore, to split this group into several families, of which one is the same as the 
old (Jhromodoridiuae of Bergh. But, as the name i'hrnmotlor'u s has to he set 
aside for the older name ( ilossodoris , the family-name must be changed as 
above. 

The body is elongated, compressed, and soft; the colour is striking, often 
magnificent, and generally with lines or spots ; the notscum is nearly always 
smooth, the pallial margin is fairly broad at the anterior and more particu- 
larly at the posterior end, but usually quite narrow in between ; the tentacles 
are small, conical, and generally partly eversible; the branchial plumes are 
usually simply pinnate. 

The labial armature) is strong and composed of minute rods. The ruchis 
of the radula is very narrow and often furnished with minute compressed 
pseudo-teeth ; there are numerous pleural teeth of hamate form and generally 
with a denticulate margin, the first teeth are usually denticulate on both 
sides. 

There is no proper ventricle. 

The penis is unarmed. 
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The penis is unarmed, the prostate large, and, according to Bergh, a 
glandula and hasta amatoria are present* 

Species Asteronotus fuscus, sp. nov. (Pl. 28. figs. 12, 13 ; Pl. 80. 
figs. 48-50.) 

Body . The body is shaped like a typical Dorid — oval and with a moderately 
arched dorsum. The mantle is well developed, and projects considerably 
beyond the foot all round. The whole animal is like a piece of india-rubber 
to feel. The dorsum bears a series of raised elongated tubercles, the largest 
of which forms an irregular ridge stretching from between the rhinopliores 
back to the branchial aperture. From this median projection a number of 
unequal and irregular short side- ridges are given off, getting lower as they 
pass from the middle line, and all around the margin is a number of small 
oval or roundish tubercles. 

Colour . The colour of the preserved specimen is a muddy-brown, and 
a note included with it states that it was “ dirty brown, rough surface.” 
Professor Dakin informs me that it was of a dirty brown with some lighter 
brown spots, hut no conspicuous colour-pattern. 

Dimensions . The specimen measured 27*5 mm. long by 15 mm. wide and 
9 mm. high, and the foot 24 mm. by 0*5 mm. 

Head. The head is quite small with a small mouth in the form of a short 
transverse slit, and on each side is a small tentacle. 

Foot. The foot is only moderately broad, with an undulating margin. 
The anterior end is bluntly rounded, strongly bilabiate, the upper lip is 
indented in the middle line, and the posterior end is pointed. 

Rhinophores. The rhinophore has a bluntly conical, perfoliate clavus with 
a fair number of thin leaves and a short cylindrical stalk. They are com- 
pletely retractile within cavities, whose margins are slightly raised, so that 
they look somewhat like a tubercle. Tn the preserved specimen they are of 
a yellow colour. 

Branchuv. The branchiae are five in number, each consisting of a large, 
branched, plume-like gill, arranged in a circle. They are completely 
retractile within a cavity with a raised margin, so that it stands up like one 
of the larger tubercles. The edge of this is furnished with six small lobes, 
which, when the aperture is tightly closed, are tucked inside. 

Radula . The pale yellow radula when flattened on a slide measured 3 by 
2*75 mm. and contained 38-40 rows of teeth. A median tooth is absent, and 
the number of pleuruls in each row was : — in the first 6 . 0 . 6 (i. e., 12) and in 
other rows from the third on 65.0.65 (i. e. 9 130). The teeth themselves 
are simply hamate and increase in size as they pass outward to beyond the * 
middle of the line. They decrease in size rapidly at the outer margin, 
and the last one or two are reduced. 

The anus lies on a well-marked papilla in the middle of the branchiae, and 
it bears at its base the small oval excretory pore. 
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Alloiodoris hedleyi mihi. — Colour preserved ; dark muddy- fawn with a 
tinge of green with irregularly scattered dark brown, almost black, 
roughly circular, ring-shaped marks (O’ /A). Colour alive: yellowish 
white to greyish brown, covered with minute spiculose elevations on 
the dorsal surface, which impart to it a brownish tint ; also less 
numerous, larger elevations, surrounded by irregular circles of deep 
brown. The latter occasionally have a centre of opaque white 
surrounded by a ring of reddish brown. 

No labial armature. Tentacles small, sub-cylindrical, 1*25 mm. long. 
Size 52 mm. long, 34 mm. wide, 23‘5 nun. high. Radula 33-35 rows 
(55-57) .0. (55-57). Innermost pleurals small, but much like the 
remainder, not like those of A.lanuyinata ; outer teeth not denticulate. 

I think it will be seen from the above that three distinct forms appear 
to be represented, of which A . marmomta Cergli and A , hedleyi mihi, 
while resembling one another more closely than either of them does A. lanu- 
ginata , are, nevertheless, distinct species. The form described by Basedow 
and Hedlov is not the same as that recorded by Bergh, and hence it is in 
need of a new name. I propose to call it A. hedleyi after Dr. Charles llodloy, 
who has added so much to our knowledge of the marine fauna of Australia. 

Family PLATYDORIDIDvE. 

The body is somewhat ilattened, of leathery consistency, sometimes tough 
and sometimes brittle ; it has an oval or sometimes almost circular outline ; 
the notseum is fairly smooth or minutely granulate, the dorsum often marked 
by tubercles or ridges ; the pallial margin is ample ; the branchial aperture 
is generally stellate : the tentacles are digitate ; the anterior margin of the 
foot is bilabiate, and the upper lip indented or split in the middle line. 

There is no labial armature ; the radula lacks rachidial teeth ; the pleural 
teeth are numerous and hamate. 

The prostate gland is large. 

Genus Asteuonotus Ehrenborg, 1831. 

Type by monotypy: A. hempricliii Ekronb. Symb. Pliys. (1831). 

The body-form is oval and somewhat flattened ; the animal is of a peculiar 
leathery or india-rubber-like consistency, not hard or brittle. The skin is 
smooth to the touch, but covered witli raised protuberances in the form of 
ridges, of which one well-marked one runs in the mid-dorsal line from 
between the rhinophores hack to the branchial aperture. The margin of 
this aperture is produced into lobes (usually six). The foot is narrow, 
bilabiate anteriorly, and the upper lip indented. 

There is no labial armature ; the radula has no median tooth and the 
pleural teeth are simply hamate. 
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Mr. E. Ashby, who is familiar with this form on the coast of South Australia, 
informs ine that they are usually of the smaller size. It has not been 
recorded previously from West Australia. 

Some confusion exists in regard to the nomenclature of the members of 
this genus, which deserves comment. 

The following forms have been recorded : — 

A. (Doris) lanuyinata Abraham, Proc. Zool. Soc. Loud. p. 235, 
pi. xxix.figs. 13-17 (1877). 

-*1. marmorata Bergh, Malak. (Jnters. vi., Semper's Heison, 1904, p. 42. 
A. marmorata Bergh {sic), Basedow & Hedley, Trans. Roy. Hoc. South 
Australia, vol. xxix. p. 152 (1905). 

A. lanuyinata Abr., Eliot, Froc. Malac. Soc. Lond. p. 333 (1907). 

A. hedley i mihi, described above. 

The original specimen described by Abraham is in the British Museum ; 
it is not well enough preserved fur detailed examination and the pharyngeal 
complex is removed. Eliot ( 98 , p. 333; states that, on comparing this 
specimen with that seut by Kuler from New Zealand, ho has no doubt that 
they are identical. He gives* the genus as containing two species (A. 
lanuyinata Abr. and .1. marmorata Bergh), hut lower down oil the same page 
he gives A. marmorata as a synonym of A. lanuyinata^ and oil p. 335 he states 
that Bergh V A. marmorata is perhaps a distinct species. Further, he 
suggests that il is not clear that the animal figured by Basedow and Hedley is 
either of the two species. On comparing the descriptions we find: — 

A. lantginata (Abr.). — Colour preserved u greenish-grey, blackish 
mottlingh*' (Miot). In the specimens in the British Museum the 
mottlings are uniformly dark areas {O’ !>.) . Colour in life “ dirty red, 
numerous white pustules'’ (Hater) } but the applicability of this to the 
specimen is doubtful. 

A weak labial armature. Tentacles long, fiat, furrowed on upper 
surface, aud almost nuriculate. Rhiuophores much closer together 
in large specimens of A. hedleyi than in the far smaller original 
specimen of A. lanuyinata . Size 50 nun. long, 33 mm. broad, 
16 mm. high, liadula 26 rows, (40-15) . 0 . (40-45). 1st aud 2nd teeth 
characteristic, unlike A. inamorata or hedleyi . 

A. marmorata Bergh. — Colour preserved “von hell gelblichweisser Farhe, 
die -von zahlreichcu kleineren und (bis 3 mm. diam.) grossoren hell 
aschegrau, vorschwimminden, unregmassigen Fleckeu unterbrocken 
war** (no mention of spots being ring-shaped, which would have 
hardly escaped Borgh’s acute eye). 

Labial armature not mentioned. Tentacles 1*5 mm long, “finger- 
forinig.” Size 45 mm. long, 25 mm. broad, 13 mm. high. Badula 
34-35 rows, (40-42) . 0 . (40-42). 1st and 2nd tooth like remainder, 
outer teeth denticulate and not quite same shape as A. hedleyi . 



548 


PROF. C. H. o'doNOQHUE : REPORT ON 


A similar series of markings is present on the under surface of the mantle. 
The Foot is slightly lighter in colour and speckled with dark brownish-black 
spots. 

Dimensions. The largest specimen measured 52 mm. long by 34 mm. wide 
and 23*5 mm. high. The foot measured 42 ram. long by 16*5 mm. wide. 
Thus it is larger than Bergh's specimen of *1. marmorata (45 by 25 by 13 mm.), 
and considerably larger than the measurements**given by Basedow and Hedley 
(22*5 by 10 ram.). 

Head. The inconspicuous head is very small and tucked in between the 
front margin of the foot and the largo overhanging mantle. The mouth 
appears si* a tiny longitudinal slit, and the oral tentacles aio sub-cylindrical 
and when contracted measure 1*75 mm. 

Foot. The foot is elongated and narrow : the front end deeply bilabiate 
and rounded; the hinder end bluntly pointed and in the specimen not quite 
reaching to the edge of the mantle. 

Ithinophores. The rhinopliores are club-shaped, and the perfoliate clavus 
occupies almost three-quarters of their length. They are completely 
retractile within cavities with a circular, slightly raised aperture. 

Branch itr. The branchi:e wore six in number, Basedow and Hedley ( 8 ) 
state that they wore seven or eight, but show only six in their tigure. They 
are retractile within a cavity which opens by a raised, transversely oval 
aperture with a wavy margin. 

The anal papilla lies within the circle of gills ; it is low and hears the renal 
aperture on its right anterior base. 

Radula. The radula h well developed, and when removed and flattened 
measured fi mm. along the middle line and 5*5 mm. at its widest point. The 
total number of rows in the radula was 33-35 and the rows contained : — the 
first row 6.0. C(i. e., 12) teeth ; the tenth row 55.0. 55 (i. 110) teeth ; and 

the thirtieth row 57. 0. 57 (/. e., 114) teeth. The innermost pleural teeth are 
small, and consist of a curved spine on an elongated basal plate. They 
increase very markedly in size to beyond the middle of the row, where they 
are falciform, and then they decrease again towards the outside. No sign 
of denticles was found on the lateral teeth. 

Labial Armature. None was noticed. 

The glans penis is armed with a series of rows of hooks. 

The hermaphrodite gland is discrete and does not form a layer over the 
liver. 

JSotes . The collection included three specimens. One small one from 
Pelsart Island and the other two larger ones with no definite locality-label. 

The specimens described by Basedow and Hedley ( 8 , pp. 139 and 152) are 
from St. Vincent’s Gulf and Port lliver, South Australia, and from Edin- 
burgh, York Peninsula. It has been noted that the specimens here measured 
are cousiderably larger than those measured by Basedow and Hedley. 
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he gave no anatomical details, so that the above is the first description of the 
radnia etc. of the species. 

Family ARCHIDOBIDIDJB. 

The body is not hard and slightly depressed ; the notseum is tuberonlate 
or granulate, the pallial margin is fairly broad ; the tentacles are small ; the 
branchial plumes are nearly always tri- or quadripinnate : the foot is fairly 
broad. There is no labial armature. The radula has no rochidial tooth ; the 
pleurals are numerous and hamate. The penis is generally unarmed. 

Genus AiaLOiODORis Bergli, 1904. 

Type by monotypy : A. marmorata Bergli, Malak. Unters. vi., 

Semp. lteis. 1904, p. 42. 

The body is depressed, the notueum minutely granulose and fairly broad. 
The branchiae are not numerous and generally tri- or quadripinnate. 
Labial armature is feeble or absent. The foot is strong and as wide as 
the body. The mantle is fleshy and well developed. There is no rachidial 
tooth. The lateral teeth are numerous and hamate. The last part of the 
vas deferens in the penis bears a scries of hooks. The hermaphrodite gland 
form-* a discrete mass quite distinct from the liver. 

This genus was founded by Bergli on some specimens from Tasmania, and 
is remarkable in that the iiermaplu odite gland forms a discrete mass and is 
not spread out as a layer over the liver. This is a condition encountered 
also in Bath yd oris and Trend yana^ forms that for other characters are quite 
widely removed from the present genus. Eliot suggests (38, p. 333) that 
this perhaps represents an older condition than that in which the gland is 
spread over the liver. and it would seem that very different families of the 
Dorididac sporadically preserve or revert to the older arrangement.” 

Up to the present only two species have been referred to the genus, 
viz., A. marmorata Bergli and A . lanuyinata Abr. 

Species Alloiodoris hedleyl, sp. nov. (PL 27. figs. 6 & 7 ; PL 30. 
figs. 45-47.) 

Synonymy : A . marmorata Basedow & Hedley, Trans. Roy. Soc. South Austr. 1906, p. 162, 
non Bergh. 

Body. The general shape of the body is elliptical, slightly broader at the 
posterior end, and only moderately convex. The entire dorsal surface is 
covered with minute spiculate papillae, making it somewhat rough to the 
touch. The mantle is very well developed, being much wider than the foot, 
and its fairly thin edge is wavy and undulating. 

Colour . The colour of the preserved specimen is a dark muddy-fawn with 
a tinge of green. Irregularly scattered over it are a scries of dark brown, 
almost black, roughly circular, ring-shaped marks from 2-3 mm. wide, 

39* 
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Head • The head is fairly large and sub-globose ; the month is large and 
conspicuous, having the form of a longitudinal slit. On each side of it is an 
oral tentacle in the form of a large somewhat ear-shaped flap with a wavy 
margin. This measured 27 by 24 mm. 

Foot. The Foot is well developed, strong, and muscular. Its front end is 
abruptly rounded and bilabiate, and the hinder end passes back to a blunt 
point. The sides of the foot are thrown out into a wide, folded, undulating 
flange which, in the largo preserved specimen, projected 16-17 mm. 

IVtinophores . The rhinopliores are well developed, and the sub-conical 
perfoliate cLivus with 55-60 leaves is set at an angle of about 45° to the 
cylindrical stalk. The stalk is surrounded by a tubular sheath with a 
smooth margin, and in some specimens the clavus is retractile within this. 

Bratuhlr. The six branchial plumes are dendritic, very conspicuous, and 
arranged in a wide circle. Each of the anterior two pairs gives off a small 
branch from the base, but the posterior pair each arise by two equally 
developed main stem,* coming from the same point. 

Hadula. The radula is well developed and strong, and when removed 
and flattened measured 10\ r > mm. along the middle line and 10 mm. at 
its widest point. The total number of rows in the radula is 47-49, and 
the number of teeth is in the first row 40 (/.*., 20.0.20), in the tenth 
row 130 (/.<?.. 65.0.65), and in the forty-fifth row 152 (/.<?., 76.0.76). 
There is no raehidial tooth. The inner pleurals consist of a roughly 
rhomboidal basal plate with a small curved spine at the antero-median 
corner. As they pass outwards they increase in size, the base gets longer, 
and the spine increases very markedly. They reach their maximum just 
beyond the middle of the row, and then decrease in size mainly iu the 
basal plate. Thus it comes that, while the inner pleurals arc mostly basal 
plate with a small spine, the outermost teeth are mainly spine with a small 
basal plate. 

Labial Armature, The lips are guarded by a thin tough membrane which 
is beset with a large number of tiny hooked spines. 

The anus is not conspicuous and lies within the circle of gills towards 
the hinder end. 

The genital aperture is well marked, and situated up on the right side of 
the body behind the level of the front end of the foot. The penis is long 
and unarmed. 

Notes. Five specimens were in the collection : — 

A large one and a moderately large one with no locality-label. 

Two smaller ones from Pelsart Island. 

One of fair size from Wallaby Island. 

These specimens were obtained from the same place as Kent obtained his 
H. imperials and are thus topotypic with it. While he gave a coloured 
drawing of the living form, with which the present specimen agrees closely, 
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It does not appear to agree with any previously recorded species, and so 
is described here as new with the name Sphcerostoma dakeni, after my friend 
Professor W. J. Dakin, who collected it* 

Family HEXABBANCBI DM. 

This family contains only one genus, and its characters are those of the 
genus. 

Genus Hkxabranchus Ehrenberg, Symb. Phys. (1828). 

Type by monotypy : II , prcetewlus Ehrenb., pi. 1. figs. A-U. 

N.R — The plat«s in this work were published in 1828 and the text 
in 18*31. This form appears on the plates. 

The body is large and of an elongate-oval shape ? the back is smooth 
and broad. It passes out laterally to a folded margin, which is continued 
out as the enormous sheet-like much folded mantle, which may be wider 
than the body. The branchial plumes, generally ti-8, are dendritic and 
distinct, and arranged in a circle around the anus. They are not retractile, 
but contractile, and their bases are surrounded by a shallow wide-open 
depression. The rhinopliores have a cylindrical stalk and a perfoliate clavus 
set at an augle to it. The oral tentacles are large and auriculate with a 
folded margin. The foot is relatively well developed. The labial armature 
is well developed and composed of tiny hooked spines. The radula is well 
developed, with no rachidial tooth, and tho pleural teeth are numerous, 
hamate, and have no lateral denticles. The penis is long and unarmed. 
Only the posterior blood-gland is present. Bergh classes these as a 
sub family oE the Dorididjv Oryptohranchiatro. This name cannot stand, 
and the forms are not even (-ryptobranchiate. They are here raised to a 
separate family. 

Species H ex ab RANCH us imferialis Kent, Nat. in Austr. 1897, p. 150. 
(PI. 28 . fig. 11 ; PI. 29 . figs. 41-44.) 

Body. The body is moderately stout, of an elongated oval shape, and the 
skin is smooth. The most striking feature, however, is the mantle, which is 
extraordinarily well developed and takes the form of a thin wide flange, 
wider than the body, passing all round save at the anterior end, where it is 
only narrow. The rhinophores with their sheaths stand up prominently at 
the anterior end, and the circle of gills is conspicuous at the hinder end. 

Colour. The colour of tho preserved specimens is a dull greenish grey 
without any indications of markings. Professor Dakin says it is identical 
with Saville Kent’s drawing, and that at a distance it looked not unlike a 
great piece of fresh lung torn from a vertebrate. Kent figures it as of 
a flaring red colour all over with no markings. 

Dimensions . The body of the largest specimen measured 125 mm. long 
by 50 mm. wide and 44 mm. high. Beyond this the mantle extended 80 mm. 
along each side, 45 mm* across the posterior end, and 6 mm. across the 
anterior end as a sort of oral veil. 
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Domdofsis Alder & Hancock, Trans. Zool. Soc. Lond. vol. v. pt. 8, 1864, p. 126. 
Type by original designation, J). gemmacea Aid. & Hancock. 

TlAUsrKLLononiH Pease, Amor. Jour. Concli. vol. vi. 1871, p. 299, for the 
Doridiojms of Alder St Hancock. 

Doriopsis , the generally accepted name for this genus, was introduced by 
Pea*e, 1860 ( 62 ), who failed to give a satisfactory definition of the genus. Of 
it Bergh ( 11 , p. 811) says : “ Das Geschlecht Doriopsis wnrde von Pease in dor 
gewolin lichen Art des H ceres von Art'- nnd Geschlechte-Fabrikanten mit 
ganz fiaschen (Jharacteren sdion in 1860 aufgestellt/’ 

Four years later Alder and Hancock (6) more accurately described the same 
genus, hut gave it the name Doridopsis* without, however, referring to Pease’s 
genus or species. Again, the following year Hancock (46) gave a detailed 
description of the genus, also without reference to the work of Pease. The 
latter author in 1871 re-affirmed his genus, claimed that the genus of Alder 
and Hancock was not identical, and suggested for their genus the name 
flati stellod oris. There can he no doubt, however, that all the species of both 
authors belong to the same genus. 

However, Ehrenberg in 1831 had founded the genus Jjtnd rod oris for two 
species, one of which (IK lugubris) was subsequently designated the type by 
Gray (44, p. 161). Bergh (18, p. 21) points out that Ehrenberg’* definition 
of the genus is incomplete and unsatisfactory, although both the species 
included within it are recognisable and without doubt belong to the genus 
subsequently termed J > or io pais. He further says(/. c. p. 22), “ Es liegt daher 
um so mehr wolil kein Grund vor, die Benennung Dendrodoris fur die durcli 
Hancock und durch mich jetzt so gut hekannten Doriopsen zu restituiren.” 

This is a strange line of reasoning to follow, for, in the first place, Hancock 
uses the term Doridopsis , not Doriopsis, and was not the author of either 
name. Secondly, while admitting that both Ehrenberg’s original species 
belong to the genus under discussion, Bergh prefers to adopt a much later 
term, not simply incompletely defined, but actually with k< ganz fiaschen 
Characteren.” 

There seems little doubt that the genus should stand Dendrodoris Ehrenb. 
with I). Ivguhris Ehrenb. as the type by subsequent designation, and so the 
name of the family also needs to be altered to Dendrodorididfle. 

It is interesting to note that the same species is described under the same 
name, Doris lugubris , by Gravenhorst (43 a) in the same year, 1831. 1 have 

been unable to ascertain whether Gravenhorst's or Ebren berg’s name has 
priority, but, in any case, it does not alter the generic name. 

Species Dendrodoris nigra (Stimpson), Proc. Philad. Acad. Nat. Sei. 

vol. vii. 1855, p. 380. 

Synonymy : Deris nigra Stimpson, 1865. 

Doriopsis nigra auct. 

Doridopsis nigra auct. 

Body . The body is of moderate size, elliptical, and somewhat depressed. 
The dorsal surface is finely granulate, while the mantle is more smooth. The 
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mantle is well developed, fairly thin, and extends beyond tho body all round, 
save that the Up of the tail probably projects slightly during locomotion. 

Colour . In the preserved specimens the colour is black, shading off to a 
dark grey near the mantle-margin, but showing no sign of the red margin 
described by Stimpson in the living animal. It is covered irregularly with 
tiny white spots, which grow more abundant and larger towards the margin 
of the mantle. The branchhe are of the same dark colour as the body. The 
under surface of the foot is also of a dark grey shade. In life tho white 
spots are more striking and the solo of the foot of lighter grey. 

Dimensions. The specimens varied in size, and the largest measured 
23 mm. long by 15*5 mm. wide and 9'2 mm. high. The smallest was 
only 12*5 mm. long. 

Head. The head is very small and inconspicuous, and boars a much reduced 
tentacle at each side. The mouth is a small circular pore lying between the 
lips of a deep cleft in the anterior margin of the foot. 

Foot . The foot is moderately large ; its sides are continued out a short 
distance as shallow flanges and its posterior is bluntly pointed. The front 
end is deeply cleft, and between its margins, as noted above, the mouth is 
situated. 

Rhinopliores . The rhinophores are fairly small, completely retractile within 
sheaths with smooth circular margins, and bear a perfoliate olavus on a short 
cylindrical stalk. 

Branehue. The tripinnate branchial plumes are eight in number and 
arranged in the form of a circle, incomplete behind, but the gap is filled in 
by the low anal papilla. They are of the same general colour as the dorsal 
surface. 

Radula . No trace of a radula or pharyngeal complex is present. The 
oesophagus takes the form of a straight narrow' tube. 

Notes . In all seven specimens w r ere represented in the collection: three 
large specimens from Sandy Isle ; three smaller specimens from Wooded 
Isle ; one deformed and swollen specimen from Pelsart Island. 

This species of Dendrodoris seems to he widely spread in the Indian and 
Pacific Oceans, and the type-specimen was described from Loo Choo and 
Kikaisima. 

Species Dendrodoris mammosa (Abraham), Proc. Zool. Soc. 1877, p. 266, 
pi. lxix. figs. 20-21. (PI. 28. fig. 15.) 

Synonymy : Doris mammosa Abraham. 

Doriopsit mammosa nuct. 

Doridopsts mammosa auct. 

Body. The body is fairly large and of an elongated oval shape. The 
mantle is strongly developed, and projects all round as a thin fold about half 
the width of the body, and has a wavy margin. The very soft dorsum and 
in part the mantle also are covered with very large irregular warty 
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protuberances, giving them a very uneven appearance. The large projections 
also have smaller onos near their bases, and similar small ones are scattered 
over the general dorsal surface. Three noticeably large projections lie on 
each side between the rhinopliorc and the gills, and two more are situated 
between the rhinophores. 

Colour . The general body-colour of the preserved specimen is a dirty 
yellowish grey, becoming darker towards the periphery. Down the middle 
of the back is a series of throe large roughly rhomhoidal black marks, which 
have other very dark, almost black, markings within them. Five or six similar 
but slightly smaller marked areas lie latorul to the large projections on each 
side, the first pair of lateral marks being in front of the rhinophores and the 
last behind the branchiae. The clavus of the rhinopliorc is light^coloured 
and the tips of the branchiae very dark ; Professor Dakin informs me that in 
life the pattern was similar, but the colours brighter and the contrast more 
marked. 

Dimensions. The preserved specimen measured 72 mm. long by 40 mm. 
wide (mantle extended) by 17 mm. high. The foot measured fl5 mm. long 
by 15 mm. wide, so that the mantle, when extended, projected 12*5 mm. 
beyond the foot. 

Head. The head is extremely small and inconspicuous, and the mouth is a 
tiny aperture lying between the two edges of the front end of the foot. On 
each side of the head is a liny flap-like tentacle about P5 mm. long, partly 
retracted within a shallow groove-like ca\ ity. 

Foot. The foot is well developed, long, fairly narrow, and with an expanded 
flange-like margin. At the anterior end the foot bears a deep longitudinal 
cleft., between the edges of which lies the mouth. 

Rhino/ dm res. The rhinophores are fairly small elavate structures with a 
perfoliate clavus, and are entirely retractile within cavities provided with an 
elevated tubular margin. They lie fairly close together near the anterior 
end. 

Branrhia } . The five branchial plumes are tripinnale and arranged in a 
fairly close circle, with a tendency to fusion at their bases. Each is dendri- 
form. They are retractile within a wide shallow’ cavity with a slightly raised 
margin. 

Radula. No trace of a rndula or pharyngeal complex is present, and the 
first part of the oesophagus is in the form of a straight narrow tube. 

The anus lies between the bases of the two hindermost gill-plumes upon a 
fairly well-developed sub-conical papilla. 

The genita aperture is, as usual, high up on the right side of the body 
about one-quarter of the way from the anterior end. 

Notes. Only one specimen is represented in the collection with a label 
44 Nudibranch from Fremantle, W.A.” It is not therefore an Abrolhos 
type, so far as we know. 


40 * 
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The type-specimen described by Abraham (2) measured 56 mm. long by 
44 mm. broad and 16 nnn. high, so that it was not so large as the present 
one. No locality is given, but it is stated to be “obtained during the 
Antarctic Expedition. 91 # It was possibly obtained at some port of call, how- 
ever, for the Dendrodorids as a genus are characteristic of the warmer seas. 

Family EUPHUBIDJE (Polyceiud.*;, Polycbradx). 

The body is more or less elongated and limaciform. The dorsum is not 
marked off from the sides or separated by u prominent margin. The frontal 
veil is more or less prominent, simple, or furnished with simple or compound 
appendages, ami the dorsum generally has a solitary dorsal appendage 
(branchialis) or several dorsal and lateral. The branchiae are generally 
paucifoliate, but may be composite ; they are not retiactilo within a cavity. 
The tentacles are small, lobiform, folded, or auriform. The foot is not broad, 
and generally rounded anteriorly. The bulbus pliaryngcns is simple. The 
buccal cavity is often armed with lamina* (often composed of minute rods). 
The radula nearly always lias no rnchidial teeth ; the majority of tbo pleura 1 
teeth are uncinate, and the outermost teeth simple, not hamate. The glans 
penis is armed ; two spermathecas are present.. 

In 1798 Cuvier instituted the name Tritonia for a genus of Nudibranchs, 
but while describing the genus he mentioned no particular species, and later, 
in 1803, he enlarged this description and dealt with a definite and new 
species, r l\ hornbergii, Lamarck in 1801 took Cuvier'* name and gave as a 
species of the genus T. clavigera . Ttafinesejue in 1815 proposed the name 
Euphvrus for the Tritonia of Lamarck — i. <?., with T. clavigera as a type. At 
a later date Johnston (1838*) dismissed Lamarck's species as being outside 
the limits of Cuvier’s genus, and proposed for it the name Tviopa clavigtra, 
under w'hieh it lias since been dealt with. To turn to other animals than 
Nudibranchs, however, we find that in 1774 Triionium was employed as a 
generic name, by Muller, and in 1800 Meigen used Tritonia as the name 
of a genus. 

Thus it will be seen tliat. the term Tritonia as applied to Nudibranchs 
refers to two entirely different and unrelated forms, and in any case the 
name is pre-occupied. As noted previously, Tritonia Cuvier («.*., with 
T. homhergii as type) has to bo replaced by Sghrcrostdma Macgillivrav, and 
as will be seen above Tritonia Lamarck («. e., with T. clavigera as type) 
becomes Euphums liufinesque. and this intercepts the later name Triopa 
Johnston. In this way the oldest generic name in the present family 
becomes Euphurvs, from which the family-name is derived. This matter 
is also referred to by Iredale (51) and Iredale and (FDonoghue (51a). 

Genus Notodoris Bergh, Journ. Mus. Godcffroy, riii. 1875, p. 64. 

Type by monotypy 2 JUT. citrina Bergh, l.e. 

The body is limaciform with the sides not marked off from the dorsum ; 
it is hard and rough, often marked with prominent ridges. The frontal veil 
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is large. The branchiae and sometimes the rhinophores are protected by 
valves. The rhinophores are not perfoliate. There is no labial armature of 
rods or spines, but a chitinous ring may be present. No rachidial tooth is 
present ; the pleurals are similar and hamate with indications of an accessory 
denticle. 

Species Notodouis gardinem Eliot, Fauna & Geog. Maidive and Laccadive, 
\ol. ii. pt. 1, 1903, p. 548. (Pi. 28. figs. 18, 19 : PI. 30. figs. 62-64.) 

Body. The body is limaciform and covered with small tubercles, which are 
more numerous and larger at the anterior end. Nearly halfway back the 
body reaches its highest point, and here arise the branchiae covered by their 
three characteristic protecting valves. A row of larger tubercles runs from 
the sides of the oral veil to the branchial valves. Beyond this the body 
falls to a lower, narrower, tail-like region. A well-marked valve-like 
tubercle lies on the outside of each rhinophoral aperture, and between these 
openings is a group of two or three large tubercles. Lateral to the rhino- 
phores the not a? inn passes out and forwards as a very well-marked oral veil 
with a tuberculated margin. The very tough skin contains a number of very 
hard, semi-transparent spheres, which appear to be composed of a cliitinous 
material. They aro irregularly scattered, and may be sparse or so close 
together that they form hard masses. 

C oluttr. According to the coloured sketch made by Professor Dakin, this 
species is of a deep chrome-yellow all over ; the oral veil and branchial 
valves are of the same colour. There was apparently no trace of the black 
spots described by Eliot. 

Dimensions. The specimens were all about the same size and measured 
when preserved 43 mm. long by 9 nun. wide by 10 nun. high ; length of the 
tail-region 18 mm. ElioPs specimen was 33 ’5 mm. by 9 mm. by 12 mm. 

Head . The head is small and in the specimens completely hidden between 
the front end of the foot and the overhanging oral veil. This veil is very 
well developed, and in all the specimens is tightly curled down over not only 
the head but also the anterior end of the foot. 

Foot. The foot is fairly broad and lanceolate. The front end is rounded 
and the hinder end passes off to a point. 

Rhinophores . The rhinophores are completely retractile within deep 
cavities. The aperture is in the form of an oval slit placed at an angle of 
about 45° to the main axis of the animal. At the posterior outer corner of 
the aperturediesa very large tubercle whose flap-like apex overhangs it. 

Branchiae The branchiae are fairly numerous, very small, and completely 
hidden by the three large valves. The three valves rise from a transverse 
ridge stretching across the middle of the back. The middle one passes back 
and curls downwards until it practically touches the dorsum. The lateral 
valves pass backwards, down and round partly forwards again, forming the 
commencement of a spiral. They also practically touch the dorsum. All 
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the valves, particularly the lateral ones, possess on their margins curious 
spatulate processes, which were described and figured by Eliot. The valves 
are very hard and bend over almost to touch the dorsum, so that the tiny 
gill-plumes, apparently arranged in three groups, cannot be seen without 
cutting off the valves. 

Labial Armature . According to Eliot there is no labial armature, but in the 
specimens here described a circular ring of chitinous cuticle was present. 
It is not large and quite thin, but, nevertheless, it resisted boiling in potash 
solution and separated off from the lips as a distinct ring. 

Radula . The radula contains no rachidial teeth. It is only moderately 
developed, and contains from 56-58 rows. The first row contained 18.0. 18 
(t. e., 36 teeth), and the middle rows (34-42) . 0 . (34-42), i. e. (68-84). The 
teeth are erect, moderately long, and slender, and so closely packed at the 
outside that they are difficult to count accurately. They are a little larger 
on the outside, but otherwise very similar throughout. Each consists of a 
more or less rectangular blade-like plate, one corner of which is carried on 
as a thin, slightly curved rod, bearing at its tip a small rounded secondary 
denticle. They are similar in general appearance, although differing in 
detail from those described by Bergh for R. citrina (11). 

Rotes. Three specimens were represented in the collection, and bore the 
label “ 1st Island. Shore Collecting. Outer side.” 

Professor Dakin, in his general account of the Abrolhos, says of this 
species: — “ A straggling brilliant lemon-yellow sponge was one very evident 
specimen. After turning several stones over and noticing what- appeared to 
be pieces of this sponge falling off, it was discovered that the falling pieces 
were Nudibranchs rcsemblifig the sponge both in colour and general appear- 
ance. The species belongs to the genus Rotodoris, this being the first record 
for the genus on the Australian coast. It was instituted by Bergh for a 
single specimen of R. citrina from Rarotonga. Two other species have been 
made by Eliot for specimens from Zanzibar and the Maidive Islands. All 
three are yellow in colour. It is stated in Eliot's report that nothing is 
known of the habits of these animals, and further : — 4 With Mr. Gardiner's 
specimen is a piece of hard yellow sponge. There is no note, but as the 
colour and consistency of the sponge closely resemble those of the Nudibranch 
it is highly probable that the latter frequent it/ 

44 It is interesting to find that this is actually the ease and in an entirely 
different region. Our specimens were always found associated with this 
sponge. The Nudibranch moves about slowly, so far as could be observed, 
and apparently lives in the dark under coral blocks/’ 

This association between Nudibranch and sponge is not unknown, as 
witness the entirely different brilliant red Nudibranch Rostanffa pulchra living 
on a similarly coloured sponge on the Pacific coast of North America ( tide 
O'Donoghue, 60 , p. 152). 
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As pointed out in the passage quoted above, only three species of this 
remarkable genus have been recorded : namely, A. citrina Bergh from Raro- 
tonga by a single specimen, iV. minor Eliot from (Jhiiuku on the east coast of 
Zanzibar by a single specimen, and N. gardineri Eliot from the Maidive 
Islands also by a single specimen. 

In spite of certain minor differences, i. e. the presence of black spots, the 
presence of a Y-shaped arrangement of small tubercles on the dorsum, the 
absence of labial armature inter alia in Eliot's specimen, I have no 
hesitation in referring the present form to bis species, A\ gardineri. The 
size is about the same, the teeth similar, the vnlvod rhinophoral aperture 
similar, and also the branchial valves with their elaborate spatulate 
processes. 

As will he seen the genus is very little known, and it is to be hoped that 
sufficient material for a detailed investigation of its structure will be forth- 
coming. It apparently contains three distinct species : — 

N. 01TR1NA Bergh.— Bale yellow; somewhat broader; 7 quadripinnate 
gills ; gill-valve with 8 points more than one-third of the way for- 
ward ; valved rhinophoral aperture; radula 56 rows typically 
14 . 0 .4, tooth with indication of third blunt, denticle. 

N. uAKMNKKi Eliot. — Chrome-yellow with or without black spots, 
narrower ; numerous tiny gill-plumes ; gill-valves marked, three in 
number, furnished with spatulate processes, about halfway hack ; 
valved rhinophoral aperture; radula 56-58 rows typically (34—42) . 
0 . (34-42), tooth with only second blunt denticle. 

N. minor Eliot. — Lemon-yellow sharply marked with black lines, 
narrower ; 27 small tufts of gills in throe areas ; gill-valves three in 
number, inconspicuous, simple ; radula 33 rows typically 25.0.25, 
tooth not nearly so distinctly denticulate as in foregoing species. 

These differences appear to warrant the retention of the three forms as 
valid species. 

Genus Nembuotha Bergh, Malakol. Unters. Ileft xi. p. 450 (1877). 

Type here designated, JV. nigerrima Bergh. 

The body is liinaciform, nearly smooth ; dorsum not differentiated from 
sides ; the rhinophores are retractile with a perfoliate clavus ; the branchim 
are paucifoliate and hi* or tri-pi nnate; the tentacles are short and lobate ; 
the foot is quite narrow. The labial armature is inconspicuous or absent. 
The radula fairly narrow ; the rachidial tooth is depressed, subquadrate, or an 
armed curve ; the first pleural tooth is large and falciform, and the several 
external teeth are depressed. 
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The hermaphrodite gland is connate with the liver ; no discrete prostate is 
present ; the glans penis is armed. 

There is a possiblity that the generic name Nembrotha Bergh, 1877, will 
have to be replaced by Anyasiella Angus & Cross, 1864 : the form 
described by the latter being very much like those in Bergh’s genus — 
indeed, Bergh himself includes it as a doubtful member of the genus. The 
matter can hardly be definitely settled unless the collection of further 
specimens renders it possible to examine it more closely* 

Species Nembrotha purpureolineata, sp. nov. (PI. 28 . figs. 16, 17 ; 
PI. 80 . figs. 60, 61.) 

Body . The body is liiuaciform, rising from the front end to the middle, 
where it bears the branchiae, thence it gets lower again and terminates in a 
short tail. The smooth dorsum pusses over into the side of the hotly without 
line of demarcation or palliul edge. The anterior end bears a narrow 
veil-like expansion. 

Colour . The general body-colour of the preserved animal is a dirty 
yellowish grey marked with pale hrown lines. A broad dark hand com- 
mences just behind the rhinophores and passes back in the mid-dorsal line to 
the branchiae. A thinner dark line passes round the front, anterior to the 
rhinophores, and hack on each side of the dorsum. Behind the branchiae 
these two lines converge and meet, about halfway between the gills mid the 
posterior end, to form one line in the middle which runs hack to the end of 
the tail. Another Hue starts at the front end about halfway up the body on 
each side. It runs back roughly parallel with the edge of the foot to join 
the dorsal line near the tail. Professor Dakin informs me that in life the 
body-colour of the animal was a translucent slate-grey and the dark hands 
were purple-brown. 

JHmensions. The form of the specimen was not well preserved, but it 
measured 35 nun. long by 10 mm. wide and JJ nun. high. 

Head . The head is small and not conspicuous. At each side it hears a 
tiny tentacle, somewhat knob-shaped in the retracted condition, and between 
them is the circular mouth. 

Foot . The foot is linear and not strongly developed. The hinder end 
passes off into the pointed tail, and the anterior end is cleft and has rounded 
corners. 

Rhinophores . The rhinophores are small, have a perfoliate clavus, and are 
completely retractile within cavities with smooth round apertures. 

Branchice. The non-retractile branchiae consist of five bipinnate plumes, 
joined at their bases. The anterior one is in the middle line and larger than 
the others. 

Iiadula . Tlie radii la is relatively small and when flattened measured 4 nun. 
hv 2 mm. It bears 32 rows of teeth and the number in the oldest row is 
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7 . 1 . 1 . 1 . 7 {i.e. y 17) and in the newer portions 8 . 1 . 1 . 1 • 8 (i. 1 9). The 

rachidial tooth is in the form of a broad irregular octagon with its posterior 
side uncurvod and thicker in its anterior half. Its front edge is straight, 
but furnished with four curious papilliform denticles directed backwards — 
one of the inner of these bifid. In the rad u la of the specimen examined 
it was always the inner one on the same *idc. The first lateral has an 
irregular elongated base lying at an angle of about 40° to the middle liue 
of the radula. It bears two very strong, backwardly directed, conical 
spines — one at its anterior end and the other about two-thirds of the way 
back. This is followed by a series of teeth, seven or eight in number. They 
take the form of approximately square plates in the inner teeth, but become 
oblong and less strong towards the outside. 

Labial Armature . The lips are furnished with a lining of thin chit in, which 
lias an oval opening, whose long axis is vertical. 

The anus lie s on a short rounded papilla in the middle line behind the 
junction of the bases of the posterior branchial plumes. 

The genital aperture lies near the anterior end in the light space between 
the two lateral dark bands and about halfway between the head and the 
branchiae. 

Motes. The species i> represented bv one spccinieu, which was taken on the 
A hrolh os, but with no details of the exact locality. 

In spite of iho presence of n labial cuticle rather more strongly developed 
than in other forms, there is no doubt that this belongs to the genus 
Membrotha . It does not appear to agree with any previously described. 


A Copepod Parasitic on Cebatosoma bbevica uda tum. 

The presence of (Jopepoda parasitic upon Nudibranchs has been reported 
by several authorities. The first record is apparently that of Lev dig (56), in 
1853, who constituted the genus Jbridicola for Copepods found on Dorids. 
Similar forms are also reported by Alder and Hancock (5) from Arc hid oris 
tuberrulala and Antiopa cristata , and they were referred to the genus 
Ergasilus , although they were probably congeneric, if not even conspecific, 
with Ley dig’s forms, as was pointed out later by Hancock and Norman (47). 
They are not highly modified animals and apparently more in the nature 
of epizoitic forms, and their parasitism has not been proved. 

In addition to these, however, a group of highly specialised forms, 
undoubtedly parasitic, have also been described. The first, reported by 
Hancock and Norman (47), aro : — Splanchnotrophus gracilis , parasitic on 
Acanthodoris piloxa and Jdalia aspersa from the English coast, and S. brevipes, 
parasitic on J)oto coronata and Coryphella rujibranchialis also from the English 
coast. The only other authority that has dealt with those parasites is 
K. Bergh, who has recorded the following : — 
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Parasite. 


| Sphinek n otroph us brevipe*. 
, Splanchnoti'ophus *^p. 

| Iwtalia monxtr»xa. 

} it «» 

| ** 9t 

IsmaJia sp. 

| Brian Ua microcephala . 

J BriareUa sp. probably. 

Z>\ microcephala. 


Gaieuni vtndula. 

( 'oryphelfa rufUtranihiah*. 
IVndiann lynceub. 

„ im a 
Auhidons tnctrfu. 
JLomamtuh genet. 

( V rutosoma (/ tlobata. 
(ilo&Mnion s eltMtbethina. 
Axt crowd us herlrana. 


North Sea (21, p. 568). I 
Norway (21, p. 608). | 

W. Coast, S. America (9). | 
W. (oast, S. A me licit (26). 
W. Co.tst, S. America (26). 
Mediterranean (21, p. 568) . 
Red Sea (13, p. 406). 
Philippines (16, p. 472) j 
Philippine* (19, p. 641). J 


Host. 


Locality and 
Reference. 


The total number of species is very small, only four named for certain and 
a possibility of seven at the most, and, from the infrequency with which they 
have been recorded, it woeld appear that they are rare. Indeed, in many 
hundreds of specimens I ha\e handled from British Columbia, I ha\e not 
yet encountered one. In spite of this, however, it will bo seen from the 
above list that they are widely distributed o\er the world. The followin'* 
form is of interest, not only on its own account, as a new species of a v aro 
group, but also because it shows that the group also extends to the Australian 
seas. 


Family ( MON DR A ( 'ANTI 1 1 ILK. 

Genus SrLANCHNOTRoPHt s Hane. A Norm. Trails. Linn. Soc. Loud. 
f xxiv. 1864, p. 31. 

Type here designated : *V. gractlis Ilanc. & Norm. /. e. j). 5J. 

Coast of England. 

Female. Head and thorax either blended into a single segment, the 
thoracic portion of which is furnished on each side with unartieulated arm-like 
appendages or lobes, or tbe first part only of the thorax is united with the 
head and the la>t part forms a second, but comparatively minute, segment. 
Tn this case, however, all the thoracic appendages are attached to the first 
segment. First antennas minute and few -jointed ; second larger, in the 
form of prehensile hooks. Labrura large, overhanging the mandibles, which 
organ*, together with the maxillae and two pairs of foot-jaw s, are minute and 
crowded ronnd the mouth. Thoracic feet two pairs, minute, simple or two- 
branched, terminating in hooks. Abdomen two-jointed, the last joint ending 
in two caudal appendages, which are furnished with one or two simple setse. 
Ovigerous sacs elliptical. 

Male minute. Cephalothorax with lateral appondages and divided into 
four segments, the first of which bears two pairs of thoracic feet. 
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Species Splanchnotrophus sacculatus, sp. nov. (PI. 30. figs. 65, 66.) 

Femate. The body is elongated and roughly cylindrical, but slightly 
depressed dorso-ventrally, and it is encased in a thin, not. very strong, 
layer of semi-transparent chitin. It is composed of a eephalothorax, of 
which the anterior portion is the head, but it is not distinctly marked oft* 
from the thorax, and a much smaller abdomen. On the dorsal surface of the 
eephalothorax are three sac-like outbulgings of the body-wall. The first of 
these is in the form of a transverse collar-like ridge right acioss the body, 
and it is somewhat firmer than the other two. The second is much larger, 
more inflated, and more irregular. The anterior border and the lateral lobes 
of it are sharply marked off from the body, but in the mid-dorsal region the 
hinder parts of the two lateral lobes merge with the general surface of the 
body. The third sac is, if anything, larger than the second, and its lateral 
lobes show a slight marginal indentation. 

The last portion of the thorax is narrower than that in front, but it swells 
out towards its hinder edge and then rapidly narrows again still further to 
the point where it joins the abdomen. 

From the ventro-Iateral aspects of the eephalothorax arise three pairs of 
long, lapering, cylindrical outgrowths. The first pair arise at a level between 
the first and second dorsal sacs. The second pair arise at a level between the 
second and third dorsal sacs, and the third pair touch the second and are 
level with the third dorsal sac. These lateral outgrowths are not, as might 
he supposed at first sight, modified appendages, for the rudiments of these lie 
on the ventral surface, but they are outgrowths of the body-wall. They are 
very conspicuous, as they almost double the length of the animal itself, and 
apparently are concerned with the absorption of nutritive material from the 
host, since they lie in the spaces between the viscera. 

Strings of eggs, either in single or double rows, show through the body- 
wall and form a network of interlacing lines in the various parts of the 
eephalothorax, the dorsal sacs, and the basal portions of the long outgrowths. 

The first antennae are a pair of minute, stumpy, seemingly uniramous 
appendages lying under the head a short distance from the anterior end. 
Each is apparently composed of three joints and bears a number of relatively 
stout spines ; there are three of these on the basal join!, two on the next, and 
two on the terminal joint. The second antennae, while still small, are con- 
siderably larger than the first, and are plump, fleshy, uniramous appendages 
also showing indications of three joints. They are relatively shorter than the 
corresponding members in S. gracilis . Stout spines are also present on 
these :* two on the basal joint, one on the next, and two on the terminal 
joint. 

The labrum is large, curved ventrally, and sub-triangular in shape with a 
rounded apex and a deep curved indentation in the base. The mouth pre- 
sumably lies under this indentation. The mandibles are small and consist of 
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a soft triangular base, which bears at its antero-mediun corner a small stiff 
blade with three denticles. The maxillae are very small triangular lobes 
partly hidden by the mandibles. Each bears a spinc-like prolongation at 
its antero-median corner. The first maxillipedes are somewhat triangular in 
shape, not unlike the mandibles, save that in place of the blades they bear 
spine-like processes. The second maxillipedes are long thin structures, 
expanded dorso-vcntrally in their anterior region, and bearing spine-like 
prolongations at the anterior end. They are approximated in the mid-ventral 
line over the front part of their length, but. diverge posteriorly. Altogether 
the mouth-parts show a considerable resemblance to those? of **?. gracilis, but 
their proportions are different, and they appear to be a little more degenerate. 

On the ventral side of the cephalothorax there are a pair of rounded 
papilliform processes opposite the bases of the first lateral appendages, atfd 
another and quite similar pair opposite the ends of the last pair of lateral 
outgrowths. These are in the same relative position as the tiny legs in 
S. gracilis, as shown in the drawing of Hancock and Norman, but, while each 
bears a small spine, they are not nearly so much like thoracic appendages as 
those of S. gracilis . 

If we adopt the interpretation given by Hancock and Norman (47, p. 52), 
two regions can be distinguished in the abdomen : the first an inverted 
cone joining on to the posterior end of the cephalothorax and I he second 
another inverted cone with a rounded edge at the base bornn on the pre- 
ceding part. This second com* has a firmer chitinous covering than the 
cephalothorax and hears four annular grooves ; thus it is divided up into five 
rings, but whether these represent actual abdominal segments or not ii is 
hardly possible to say. Hancock and Norman group the anterior cone-shaped 
portion together with the basal ring of the second cone as the first complete 
abdominal segment, although in the present species there is a distinct, 
annular, articular groove separating them. The basal ring of the second 
cone-shaped portion has two lateral projections upon which the cgg-sacs are 
borne. On the terminal portion of the abdomen are two Mnall cylindrical 
projections each terminating in a short spine. 

The egg-saes are elongated, cylindrical, soft-walled sacs with rounded ends. 
The sacs measured, in one individual, tf'2 rani, long by 1*2 mm. wide. The 
eggs within them are apparently just crowded together without definite 
arrangement, as is characteristic of the family ( Jhondracanthidse, and do not 
exhibit the linear arrangement that is found in the (Jaligidse. 

JWotes. Two specimens of this species were found upon one individual of 
C. hrevicaudatitm , both female and about the same size. The one of these 
measured 8*5 mm. long by 4*1 mm. broad ; its egg-sacs, as noted above, were 
6*2 mm. long by 1*2 mm. wide and the length of the longest lateral process 
was 14’ 75 mui. One specimen was partially embedded in an actual hole in 
the body-wall of the Nudibranch about 5 mm. behind the urinary aperture, 
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and looked as if it were in the process of boring its way down to get into the 
body-cavity. This specimen was very noticeable from the outside, and its 
long lateral appendages and most of the body projected freely from the 
dorsal sufaco of its host. I11 examining this individual it was noticed that 
two peculiar sac-like structures containing eggs of a deep golden-yellow 
colour were projecting from the much dilated renal pore. Further exami- 
nation and dissection revealed the presence of a second and slightly larger 
example of the parasite completely hidden within the body of the host. — the 
measurements of this specimen are given above. It was lying within the 
renal duct at. its posterior end, but it was so large and its lateral arm-like 
appendages spread about so much among the viscera that, it was not. possible 
to son whether Iho animal was completely confined within the renal duct, 
which had become enormously dilated and ramified, or whether it had broken 
through the wall of this structure. 

While the specimen on the outside of the Nudihraneh contained eggs 
within the body, visible through the semitransparent body-wall as a tracery 
of lines, it showed no sign of egg-sacs. If these had not been torn off, there- 
fore, if would appear as if the production of eggs had not proceeded far in 
this individual. In the second specimen, on the other hand, egg-sacs were 
present and of large size. As noted above, they projected through the renal 
pore, which was much enlarged or perhaps actually broken, and also projected 
through the partially closed branchial aperture. They were extremely thin- 
walled and delicate, and in (Ik* subsequent process of excavating the rami- 
fications of the parasite from the body of the host they wore badly broken 
up — fortunately not until after they had been measured. When the branchiae 
were expanded, the egg-sacs must have lain among the branchial plumes as 
described in S. gracilis . The body of this individual also contained a number 
of eggs showing through the body-wall, and arranged in a series of inter- 
lacing lines which passed out. into the lateral processes. 

No trace of a male individual was found either on or near the females, or 
upon or in the body of the host. This is rather remarkable in view of the 
fact that Hancock and Norman state that the males, sometimes to the number 
of a dozen, are generally to be found associated with the females. 

The present species is undoubtedly congeneric with S. gracilis Hancock 
and Norman, and quite similar to it in a number of ways. It differs in a 
number of points, however : the presence of the dorsal sacs, the segmentation 
of the abdomen, the more degenerate condition of tile thoracic limbs, the 
greater length of the lateral appendages, and certain differences in the mouth- 
parts inter alia , and so it is here listed as a new species under the name 
Splanchnotrophus sacculatus. It is interesting to find a form from the 
Antipodes so closely allied to S. gracilis , heretofore only recorded from 
the European seas. 
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EXPLANATION OF THE PLATES. 

Plate 27. 

The photographs oti this plate were all taken by Mr. Herring, of the British Museum. 

Fig. 1. Tethys yigantea (Sowerby). Dorsal aspect, X about !>/:$. The large expanded 
lobes at the anterior end of the foot and the anal funnel are clearly shown. 

Fig. 2. Tethy* drnisoni (Smith). Dorsal aspect, X 3. The anal funnel in this specimen 
is folded in. 

Fig. 5. l)ola hr if era pelsart en s is, sp. nov. Dorsal aspect, x 1. 

Fig. 4. Placobranchus e.rpansa, sp. nov. Dorsal aspect, x 1. The anterior extension of 
the mantle lobe in front of the flattened head shows clearly on the right side, 
but is torn and folded on the left. The anterior end of the head with the 
tentacles is withdrawn and does not show. The tiny pericardial swelling 
appears just behind the head. Owing to the shadow produced by lighting, a 
false impression of a solid body is given. In reality this region is mainly com- 
posed of the mantle lobes, and the actual body is not quite as wide as the head; 
it cannot, be distinguished from the lobes. 

Fig. 5. Sp/ierro/itoina daJceni, sp. nor. Ventral aspect, X 1. The mouth shows as a longi- 
tudinal cleft at the anterior end, and part of the oral veil with one projection 
appears on the left-hand side. The margins of the foot in this specimen are 
almost approximated. Some of the large branchitu show clearly on each side. 

Fig. f>. A llohd oris hedleyi, sp. nov. Dorsal aspect, x 1. The granulate appearance of 
the back and the nature of the branchial and rbinophoral apertures are clearly 
visible. 

7. Ventral aspect of the specimen illustrated in fig. (i, X 1. The tiny head 

is not visible. 

Fig. 8. Glossodoris westraliensis , sp. nov. Dorsal aspect, X 1. The dark band near the 
margin of the noDeum shows faintly. 

0. Lateral aspect, X 1. The broad dark band on the side of the body and 

the narrow one on the upper edge of the flange of the foot are visible. The 
front end of the foot is clearly bilabiate. 

Fig. 10. Aphelvdoris affinix Eliot. Dorsal aspect, X 1. In places the darker line around 
the notaeum is seen, and the dark-coloured branchiae show in the circular spot 
towards the posterior end. 


Vlatk 28. 

The photographs on this plate were all taken by Mr. Herring, of t lie British Museum. 

Fig. 1L. llexabranchu * imperials Kent. Dorsal aspect, X 2/3. The branchiae and the 
clavus of the right rhiuophore are clearly visible, and the relatively enormous 
size of the mantle folds can easily be judged. 

Fig. 12. Asteronotus fnscus, sp. nov. Dorsal aspect, x J. This shows the ridges in the 
central region cf the dorsum. 

13 . Ventral aspect of the specimen illustrated in fig. 12, xl. The relative 

sizes of the foot and mantle show clearly. The indentation at the posterior end 
is where a portion of the mantle lias been broken away. 

Fig. 14. Ceratosoma brevicaudatum Abraham. Dorsal aspect, x 1. The tail is bent to the 
right, otherwise this gives a good idea of the shape of the animal and also the 
position of th f e rbinophoral and branchial apertures and the tongue-like prolon- 
gation of the dorsum. 

LINN. tlOURN. — ZOOLOGY, VOL. XXXV. 41 
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Fig. 36. Dendrodoris mammosa (Abraham). Dorsal aspect, X 1. While the general 
appearance is shown well there ia no indication of the colour-markiugs. 

Fig. 10. Nembrotha jmrpureolineata, sp. nov. Dorsal aspect, X 1. This indicates the 
general form of the animal, save that the tail is turned to the right, and also 
the position of the branchiae. * 

17. Lateral aspect of the specimen illustrated in fig. 16, x 1. This shows the 

way in which the body increases in height to the level of the gills and then falls 
away to the tail. 

Fig. 18, Notoduris yardineri Eliot. Dorsal aspect, X 3. The general form of the body 
with the tail turned to the right : the rhinophoral apertures and the branchial 
valves are clearly shown. 

19. lateral aspect, X 1. The tail in this specimen is turned up. It shows 

clearly the rough nature of the surface, the large size of the branchial valves, 
and here and there some of the hard spheres. 

Pi,atk 29. 

All the figures on this plate were drawn from preparations lroni specimens in the collection 
and at the various magnifications shown hv the aid of n camera lucida. 

Fig. 20. Tethys yiyantea (Sowerby). The median tooth and first two pleural teeth of one 
side, x 07. 

21. Three pleural teeth from near the middle of the row, X 07. 

22. The six outermost pleural teeth, X 07, 

Fig. 23. Tethys denisoni ^ Smith). The median tooth and first two pleural teeth of one side, 
X 07. 

24. Three pleurals from near the middle of the row, x 07. 

26. The seven outermost pleurals, x 97. 

Fig. 20. JJolabn/era pel&artensis , sp. nov. The median tooth and first two pleural teeth of 
each side, x 97, 

27. Three pleurals from near the middle of the row, x 97. 

28. • The four outermost pleurals, x 97. 

Fig. 29. lierthella plumula (Montagu). The two innermost pleurals, x 250. 

30. Two pleurals from near the middle of the row, x 250. 

Fig. 33. Placobranchus expama , sp. nov. Three teeth near the inner end of the r&dula, 
seen from the side, x 390. 

32. A single tooth from near the outer end of the radula, seen from the side, 

X 390. 

33. A single tooth from near the outer end of the rmlula, seen from above, 

X 190. 

34. A single tooth from the sac, seen from the side in show the relatively small 

size, x 190. 

Fig. 35. Spharosloma dakeni , sp. nov. The jaws, antero-ventral view, x 3. 

38, The jaw, lateral view, X 3. 

37. Two rows of the median tooth and the first pleural tooth on each side, 

X 97. 

38. — The four pleurals next to the innermost pleural, x 97, 

39. Three pleurals from near the middle of the row, x 97. 

40* Three outermost pleurals, X 97. 

Fig. 41. Hexahranchus tmperiahs Kent. The four innermost pleurals, x 70. 

42, — The fourth pleural, side view, x 70. 

48. Three pleurals from near the middle of the row, x 70. 

44. Four outermost pleurals, x 70. 



OP7STU0 BRANCH I A TA V UOM THE ABKOLHOS ISLANDS. 


579 


Plate 30. 

All the figures on this plate were drawn from preparations from specimens in the collection 
and at the various magnifications shown by the aid of a camera lucida. 

Fig. 4 5. Alloiodori h hedleyi , sp. nov. The four innermost pleurals, X 97. 

46. Four pleurals from near the middle of the row, X 97. 

47. 'Hie four outermost pleurals, x 97. 

Fig. 48. AsteronotuR fuacus , sp. nov. The three innermost pleurals, x 150. 

49. Three pleurals from near the middle of the row, X 150. 

50. The five outermost pleurals, x 150. 

Fig. 51 . Glomodoris i centralienm, sp. nov. The four innermost pleurals, lateral aspect, X 162. 

52. Three pleurals from near the middle of the row, lateral aspect, X 162. 

53. Three outermost pleurals, lateral aspect, X 162. 

Fig. 54. AfdielodorU affinis Eliot. The four innermost pleurals, x 150. 

55. Two pleurals from near the middle of the row, X 150. 

56. The five outermost pleurals, x 15 0. 

Fig. 57. Ceratosoma brevicaudatum Abraham. The four innermost pleurals, X 97. 

58. Four pleurals from near the middle of the row, x 97. 

59. The live outermost pleurals, x 97. 

Fig, 60. Xembrothu purpureolimuta , ap. nov. The labial cuticle, lateral aspect, X 10. 

61. The racliidial tooth and the pleurals of one side, X 97. 

Fig. 62. Nofodvi'ia y nr diner i Eliot. Labial cuticle, front view, X 10, 

63. — -- Four inner pleurals, lateral aspect, X 97. 

61. The fi»ur outermost pleurals, lateral aspect, x 97. 

Fig. 65. SpfanchnofruphuR saccnlafuxj >p. nov. Dorsal aspect, X 5. D.S. Dorsal sac; 

K. Jj. Line of eggs; E.S. Egsr-buc; JL.A. Lateral appendage. 

66. Ventral uew of the mouth-parts, X 62. The parts are somewhat distorted 

by the pressure of the co\ er- glass, and the iirst antenna on the left side of the 
drawing has been turned forwards. 1 A. First antenna ; 2 A. Second antenna ; 

L. Lnbrum; M. Mandible; I Mp. First maxillipede ; 2Mp. Second waxilli- 
pede; Mx. First maxilla. 
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The only secondary sexual characters observed were a difference between 
the ventral pygidial plates (VIII sternito) and between the apical margins of 
sternites VII (the 5th visible sternite of systematists) (text-fig. 1). Beyond 
these characters, unless the “ ovipositor ” or the mdeagus is extruded, or a 
pair are found in coition, it is impossible to distinguish the sexes externally, 
size being no guide. 

Tkxt-fig. 1. 



Secondary sexual characters of L. brunneua. Male and female ventral pygidial plates. 
ota, base of outer sheath of ovipositor; VII, 7th sternite; 7/?, 7tli pie u rite ; VIII, 
8th sternite. Camera lucida , x 250. 


In the description of the male genital tube the nomenclature of Sharp and 
Muir (10) is followed, but in the case of the* female reference was made to 
Packard (8), Berlese (2), Henneguy (3), and Stein (11) for terms applied to 
parts homologous to those found in L. brunneua. 

Technique and Methods* 

The technique adopted to prepare the specimens for sectioning was similar 
to that employed by Awati (1). This method gave excellent results. 

Fixation in Carnoy II for 24 hours ; three to four hours after immersion 
in the fixative the head and most of the legs and the elytra and wings were 
cut off. 

Dehydration in two washings of 90 per cent, alcohol, three hours ; two 
washings in absolute alcohol, three hours ; and one hour in a mixture of 
chloroform and absolute alcohol. 

The object was next transferred to chloroform, in which it remained for 
two days ; then into a cold saturated solution of parafluuwax (58° C.) in 
chloroform, where it remained for two to three days. After this period the 
solution was warmed by standing it on top of the oven for 10 minutes, and 
the object was then transferred into pure molten wax (58° C.) for five to six 
hours. 
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A block was prepared in the usual way. The sections were stained in 
Ehrlich's Hsematoxylin (£ hr.) and counter-stained in Picro-nigrosin 
(30 secs.). 

Male (Ienital System. 

The reproductive organs are shown in PI. 31. fig. 1, and consist o£ the 
usual parts : testes (/«), vasa deferentia (tv/), seminal vesicles («r), accessory 
glands ejaculatory duct (#), internal sac, median lobe (mZ), and tegmen, 
comprising the lateral lobes (ZZ) and basal piece (bp). 

There are six testicular follicles of unequal size attached to each vas 
deferens. They occupy a large area in the abdomen from the dorsal to the 
ventral surface, and extend from beyond the basal margin of the abdomen to 
the third sternito (PI. 31. fig. 5). The testicular follicles are white, rounded 
and tapering towards their apex. There is a slight cavity in the centre of 
the base of each, whence a tube arises which joins the vas deferens, which is 
of variable thickness throughout its length. Tn repose the vasa deferentia 
are convoluted, in parts superimposed, and lie on the vontral surface. The 
vasa deferentia enter the seminal vesicles on their outer ventro-lnteral margin 
(PI. 31. fig. 4). The seminal vesicles are joined on their inner lateral surface 
for the greater part of their length ; they are subcvlindrical and rounded at 
their apices. % 

Arising from each seminal vesicle on its inner dorsal margin is a short 
tube ; these tubes meet and form the ejaculatory duct. Superimposed and 
attached to the dorsal surface of each of the two short tubes is an accessory 
gland. The accessory glands are subcylindrical and curved, broadest 
towards their base and rounded at their apices. 

The ejaculatory duct gradually tapers from its b&so until it enters the 
median lobe through the median Foramen (wi/), where it becomes hidden from 
view, emptying into the internal sac (/$, PI. 31. fig. 3). (It was not found 
possible to evaginate the internal sac, nor to kill a pair of beetles in coition 
with the organs in situ ; but the internal sac was traced in sections of an 
immature male.) 

The chitinized median lobe, viewed in section, is circular at its base and 
shortly becomes elliptical ; towards its apex there arise on the upper dorsal 
and upper ventral surfaces a carina situated along the centre, with the 
internal sac lying over and on either side of the carina formed on the upper 
ventral surface (PI. 31# fig. 2) ; the lower or outer ventral surface is convex 
at this point. The median orifice (mo, PI. 31. fig. 3) is situated a little below 
the upturned point of the median lobe. ' Inside the median lobe are series of 
.muscles and nerve-fibres (PI. 31. fig. 2); one series of muscles is situated 
around the internal sac, others are attached to the walls of the lobe. 

Encasing the median lobe on either side are the lateral lobes, which are 
roughly semicircular in section for the greater part of their length; they are 

42 * 
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of a uniform thickness of chitin except towards their base, where ike inner 
face becomes thin and flexible. Each lateral lobe contains a group of muscles 
and nerve-fibres extending to their apices (PI. 31. fig. 2). At their base the 
lateral lobes become joined together ventrally and dorsally ; at the latter 
point they join aronnd the point of articulation (pa). Externally the 
median lobe and the lateral lobes bear sensory pits at their apices. 

Enclosing the base of the latoral lobes is a thin piece of chitin, the basal 
piece (bp), which appears to clip the dorsal edges of the lateral lobes below 
the point of articnlation. Arising from the surface of the basal piece 
towards its posterior margin is the flexible enveloping integument of the 
abdomen. 

In sections of a male the spermatozoa were found in bundles, held 
together at their heads. In balsam mounts of the dissected genitalia these 
bundles could also be seen within the testicular follicles when the organs had 
been stained in hsemalum and indigo-carmine. 

Between the dorsal pygidial plate (dp) and the mdeagus is a chitinons tube 
(ev) which completely envelops the anus (an) and anterior portion of the 
rectum (r) (PI. 31. figs. 2 & Each side of the chitinons tube (ev) 
invaginates to form a pair of stout rods (vr, fig. II). These rods surround 
the cedeagus and abut at thoir base, which is towards the ventral surface 
of the abdomen. From the base of the rods there are three primary sets of 
muscles (»»). Two of these sets follow the course of the rods and terminate 
around the chitinous tube ; the third set runs between the rods and is attached 
to the enveloping integument below the base of the cedeagus ; some of these 
muscles appear to be attached to the cedeagus ventrally. 

From this it would appear that the latter muscles are primarily responsible 
for giving-the cedeagus its necessary downward tilt preparatory to coition. 

Folio a ing the alimentary tract back from the anus (an, PI. 31. fig. 5) is 
the rectum (r), which is quite short and lies dorsal to the oedeagus and 
ejaculatory dnet. Beyond the rectum is the colon (el) lying dorsal to the 
accessory glands, part of the ejaculatory duct, and the seminal vesicles. 
Beyond the colon is the ilenm, which disappears below the testicular 
follicles and lies towards the ventral surface of the abdomen. There are six 
inalpighian tubes (nip) arising from the ilenm, which at this point is lined 
with chitinized setae. Beyond the ileum is the mesenteron (ms), which lies 
in the meta- and mesosternum, where it inclines towards the dorsal surface. 

Arising from between the metatboracic acetabula (mta) is a “ U ’’-shaped, 
strongly chitinized apodeme (ap); the base of the “ U ” arises from the meta- 
sternum (q), whilst the apices of the arms are held in position by muscles 
attached to the metanotnm. From inside the “ u '’-piece and from its ba te * 
arise two thin chitinous rods (apr). These rods traverse the floor of the 
metasternum and terminate above the metathoraoio coxae (me), to whioh 
they are attached by radiating muscle-fibres. 



GENITAL SYSTEM OF LYCTl’S BttUNNEUB. 


585 


A pair of glands or sacs (sg) disappearing beneath the oedeagus (oe) are 
shown (PL 31. figs. 1,3, & 5). These glands unite and form a short narrow 
duct. When dissected out of a mature beetle the glands and duct arealuaj’s 
found distended. The duct terminates abruptly between the 7th and 8th 
sternites. In section these glands are soen to be composed of cells containing 
very large nuclei. The function of the glands is not known ; no odour other 
than that of the wood from which the beetles emerged was ever perceived. 
The glands are apparently pygidial glands (liorlese 2). 

Female Genital System. 

The reproductive organs of the female (PL 32. fig. 1) consist of two 
ovaries (lo, ro) f two oviducts (od), a paired valve (vl), a spermatheca ($/>) and 
spermathecal gland (epg), and a common oviduct (co) running into the 
sheaths of the “ ovipositor,” which terminates in the bursa copulatrix. In 
addition there is a long flexible cloacal stalk (Ir) (“ Kloakstiel,” Stein 11) 
and two short rods (sr). 

Text-fig. 2. 



A, the ovary of an immature female. B, the ovary of a mature unfertilized female, 
semi-diagrammatic, c, calyx; ec, egg-chamber ; et, ovarian tube; /, filament; 
tc, terminal chamber ; re, ripe eggs. Camera lucida , X 54. 


The ovaries (lo, ro) of a mature beetle each consist of fourteen ovarian 
tubes (et). Each tube consists of from four to five egg-chambers (ec), and a 
terminal chamber (to) terminating in a filament (/). The ovarian tubes 
arise from an enlargement of the oviducts— the calyx (c). The calices act 
as receptacles for the ripe eggs, which pass into them from the basal egg- 
chambers. In fig. 1 (PL 32) there are three ripe eggs in the left calyx and 
two in the right. 

It was found that the left ovary was always developed earlier than the right. 
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The ovary of an immature female examined consisted of only ten ovarian 
tnbes (text-fig. 2, A), the other four eventually arising from the apex of the 
calyx and between the existing tubes. The ovary of a mature unfertilized 
female (text-fig. 2, B) shows a considerable enlargement of the calyx, which 
is tightly packed with ripe eggs. 

From the calices the eggs pass along short oviducts into a double-chambered 
valve (vly. Each chamber of the valve is lined with brown chitinized setse* 
with their free ends lying in the same direction as that in which the eggs 
pass ( vl , PI. 32. fig. 4). The chambers of the valve meet to form the 
commencement of the common oviduct, and the seise terminate some distance 
before a valvular duct (vt) leading into the sperma theca enters the common 
oviduct. 

The spermatheca is very large and terminates in a single tube — the 
spermathecal or accessory gland. In fertilized females the size of the 
spermatheca is perceptibly increased. Inside the spermatheca, arising from 
the ventro-lateral surface at the point ( psp ) w here it narrow’s, are found a 
series of 27 chitinized se.t®e ($, PI. 32. fig. 3) ; their function is obscure. 
The spermatozoa are mostly in packets — spermatophores ($/>/>, PI. 32. fig. 4), 
— but a considerable number are found loose in the fluid contents of the 
spermatheca. 

The common oviduct, into which the eggs pass from the valves, is of 
muscular structure, and finally disappears into the “ovipositor.” 

The long flexible cloacal stalk (Zr, PI. 32. fig. 2) arises from a point in the 
centre and near the base of the ventral pygidial plate (r p). The stalk 
extends through the middle of the abdomen into the meta-thorax to a point 
beyond the beginning of the A ovipositor/’ where its apex enlarges into a 
knob from which two sets of muscle-fibres (tw 1 , m 2 ) arise. The m 1 set of 
muscles consists of series of bundles of long fibres grouped around the 
“ ovipositor,” and extending from the apex of the cloacal stalk to a point 
between the short rods (*>•)> where they are attached to the outer sheath ( ots ). 
The m 7 muscles surround the cloacal stalk to its base, where it is embedded 
in a mass of muscles. In addition to the muscles (m 1 , m 2 ), there is another 
series (m 8 ), which arise around the beginning of the 44 ovipositor ” and com- 
pletely surround the outer sheath, extending for about half its length, at 
which point they are attached to it. Further, there are numerous musole- 
fihres arising from the same point as the (m 3 ) muscles ; these are found 
longitudinally traversing the inside of the inner sheath (ins) of the “ ovi- 
positor ” (PI. 34* figs. 4-7). And, in addition, there is a series of cancellate 
muscles lining the walls of the distal portion of the “ovipositor,*’ apparently 

* In a previous paper, “On the Method of Oviposition Wnd the Eg® of LyctMs brvmeus 
Steph.” (.Town, Linn. Soe., Zool, xxxv. 1988, p. 217), the writer has stated that it is these 
ee tie-lined valves which impart the striations and process to the deposited eggs, 
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to allow for its expansion during the passage of an egg. Another series of 
muscles (m 4 ) are found, arising from the lateral walls of the spermatheca and 
terminating around the common oviduct at a short distance from its base. 

The common oviduct enters the “ ovipositor ” between the m l muscles. 

When the ovipositor is in repose — as depicted in PI. 32, — it consists of 
two sheaths, the outer or basal portion (ots\ which is a transparent tube 
lightly chitinized, and the inner sheath or distal portion (ins), which is a con- 
tinuation of the outer sheath. The two portions join at the point where the 
common oviduct enters. The surface of the distal portion of the “ ovipositor ” 


Text-fig. 8. 



Apex of the ovipositor, ventral, an , anus; hr, bursa copulatrix; />/>, basal piece; 
fr 9 forked rod; p, vaginal palp; rd, chitinized rod; vo, vaginal orifice. Camera 
lucida , X 128. 

is covered with recumbent brown chitinized setae, which extend as far as the 
bursa copulatrix (4c, text-fig. 3). The apex of the “ ovipositor ” (text-fig. 3) 
is stoutly chitinized, and consists of paired rounded basal pieces (ftp), between 
which is the vaginal orifice (no). Arising from each of the basal pieces is a 
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double-jointed vaginal palp (p), which bears a number of sensory pits. The 
inner lateral faces of the palps are concave. Within each basal piece is a 
short forked rod (fr), and articulating between the prongs of the fork and 
running back some distance is, a chitinized rod ( rd ) (“ Seitenstuck,” Stein 11). 

The abdominal nerve -ganglion and commissures are not depicted ; the latter 
were only traced to the venter of the spermatheca and to the valve. 

The left top corner of PL 32. fig. 1 depicts a portion of the mescnteron (ms) 

' terminating in the ileum (Im), from which arise six mulpighian tubes (mp). 
The ileum, which is lined with chitinized setae at its junction with the 
mesenteron, is followed by the colon (cl), which leads into the rectum (r). 
The rectum, which is of muscular structure, is visible for a considerable 
length before it — like the common oviduct — disappears into the “ovipositor.” 
(In this figure the rectum has been pulled across to the left ; it should lie 
looped over the u ovipositor ” and enter from the right as in PI. 33. fig. 2.) 

PL 34 depicts the “ovipositor” in section. Figs. 4, 5, 6, and 7 are camera 
lueiiia drawings of transverse sections from an “immature” female. Fig. 4 
shows the rectum (r) entering the inner sheath (ins) of the ovipositor from 
the right and assuming a position dorsal to the common oviduct ( co ), which 
enters from under the left. In fig. 5 the rectum (r) is now dorsal to the 
common oviduct (co), and both are completely enclosed by the inner sheath 
or distal portion (ins) of the “ ovipositor,” which in turn is enclosed within 
the outer sheath ( ots ). In fig. 6 the rectum (r) is seen emerging through the 
dorsal wall of the distal portion of the “ovipositor^; whilst in fig. 7 the 
rectum and anus (an) are now free of the inner sheath, which, at this point, 
becomes the integnmcntal covering of the apex of the common oviduct (co) 
or bursa copulatrix. ' 

Fig. 8 is a transverse section through the apex of the “ovipositor” of a 
fertilized female which had begun egg-laying. The section is about the* 
beginning of the vaginal orifice (ro) ; it shows the stout outer lateral wall of 
the basal pieces (bp) aud transverse muscles to allow of expansion. 

Figs. 1, 2, and 3 are partially reconstructed camera lucida drawings of 
longitudinal sections of the “ ovipositor ” of a fertilized female that had been 
ovipositing. Fig. I shows the junction (jo) of the inner and outer sheaths, 
and the entry of the common oviduct from underneath to the ventral surface 
of the inner sheath and the position of the rectum. Fig. 2 is of a median 
section of the “ovipositor” showing the rectum convoluted ( rc ). Fig. 3 is 
a section through that part of the “ ovipositor ” where the rectum (r) emerges 
through the inner sheath. 

The relative positions occupied by the genitalia and alimentary tract within 
the abdomen, meta- and mesothorax are depicted in PL 33* figs. 1, 2, and 3. 
No muscles are shown, as their inclusion would obliterate a large part of 
these organs. It will be seen that the female possesses an apodeme (up) of a . 
similar structure to that described in the male. The figs, l and 3 are based 
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on reconstructions made from a series of longitudinal sections of a fertilized 
female, and depict a left and right lateral view respectively, with the upper- 
most ovary and oviduct removed in each case. Fig. 2 is fesed on recon- 
structions made from balsam mounts of cleared specimens and from dissections, 
and depicts a dorsal view in which the relatively greater length of the rectum 
(r) of the female in comparison with that of the male (PI. 31. fig. 4, r) is 
made apparent. The. ratio is approximately 30 : 1. 

FI. 32. fig. 2 shows in longitudinal section the dorsal (dp) and ventral (vp) 
pygidial plates with the apex of the “ ovipositor ” between, and also part of 
the 7th sternite (VII), i. e . the 5th sternite of systematists. 

The functioning of the parts of the ovipositor appear to be as follows : — 

In repose (PI. 32. fig. 1) »n ! , m 2 , and m 4 muscles are in a state of con- 
traction, whilst m 3 and the longitudinal series within the inner sheath arc in 
a state of expansion. By the contraction of m 3 , the outer sheath commences 
to collapse, the distal portion to issue from between the pygidial plates and 
drawing with it the muscular rectum and the common oviduct. By the 
simultaneous contraction of the muscles within the inner sheath, the outer 
sheath is caused to evaginate and issue from between the pygidial plates. 
The outer sheath continues to evaginate and issue until brought in check by 
m 1 muscles. When fully extruded the “ovipositor” is approximately the 
length of the female. 

The withdrawal of the ovipositor is apparently achieved by the contraction 
of the expanded m 4 muscles, aided by the muscular common oviduct, which 
would pull back into its position of repose, bringing the distal portion of the 
“ovipositor” with it. Simultaneously, the contraction of m 1 muscles would 
pull back the basal part of the outer sheath, whilst m 3 muscles would draw 
into position the apical portion of the sheath. 

As there are no muscles attached to the ileum, the colon, or the rectum, 
the resumption of the position of repose for this portion of the alimentary 
tract must be solely dependent upon the slight contraction of which the 
muscular rectum is capable — aided by the fixed mesenterxm — and any 
tension that might be exerted by the ramifications of the trachea. That such 
is apparently the case is shown in PI. 34. fig. 2. Here the rectum is seen 
convoluted — a condition that can only be attributed to an imperfect 
musculature. 

Other sections of the same beetle disclosed two other points within the 
“ovipositor” where the rectum was similarly convoluted. Iu this condition 
no beetle could defecate unless it extended its “ovipositor,” and thus 
straightened the rectum. Whether this is ever done is not known. But as the 
food of these beetles consists of particles of wood, most of which appears in 
the frass never to be broken down, it is possible that penetration of the walls of 
the rectum and of those of the common oviduct may take place. And it seems 
probable that this defectiveness may be the cause of the death of quite a 
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number of beetles whose ovaries are found to contain a considerable portion 
of their complement of eggs. It has been observed that many beetles do 
expire with tbe u ovipositor ” extruded — partially in the majority of cases. 

When the distal portion of the ovipositor is gently pulled out by means of 
a fine pair of forceps from a freshly chloroformed beetle, the basal portion is 
seen to extend after the manner of u telescope. 

Females have a gland on each side of the seventh abdominal segment cor- 
related to the glands or sacs described in tlie male; and they are of similar 
structure. But in the females they do not meet, and from sections they 
appear to surround the tracheal trunks leading to the seventh abdominal 
spiracles. 

Coition. 

It has been mentioned that efforts to kill pairs in coition with the organs 
in situ failed to disclose more of the internal sac of the male than is shown 
in PI. 31. fig. 2. And from the examination of the cedeagus the internal sac 
does not appear to be capable of evaginuting more than half the length of the 
median lobe (Sharp & Muir 10). 

In coition the beetles are superimposed, and the lateral lobes of the male 
assume an almost perpendicular position to the. surface of the wood. As the 
beetles are very flat, the apices of the lateral lobes come in contact with the 
surface of the wood, and, if the female moves, as is frequently the case, 
the apices of the lateral lobes become bent and covered with particles of dirt 
and dust *. 

Notes on the Genital System of Ltctub uksaris Goeze. 

An attempt has been made to carry out a comparative examination of the 
genital system of L . linearis . But no living specimens could be procured, 
and the following remarks are based upon the study of preparations made 
from the remains of the organs of dead beetles. 

Two beetles — both males — were kindly sent by Dr. Hugh Scott, and three 
other specimens — one female and two males — were found in the pupal 
chambers in oak sent from Paris by M. P. Lesne. The oak was sent under 
the impression that it was infested by tbe larva; of this species ; however, as 
no beetles emerged within the normal period, it was broken up and no larvse 
or pupse were found. 

The dead beetles obtained were first soaked for five days in water to which a 
few drops of formaldehyde were added. The specimens were then washed in 
water and dissected. The dissections were treated in the usual manner and 
mounted in balsam. The resulting preparations were moderately successful. 

* Prom a control point of view, this is of oonskl«|shle importance, for tlie treatment of 
the surface of the wood with an oleaginous or viscous substance causes the dirt and dust 
to adhere to such an extent as to jam the mdeagus — the lateral lobe* become stuck to the 
median lobe, the median orifice becomes blocked, and the beetle is, as a result, killed. 
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One point observed was that the tergites of linearis were much more 
strongly chi tinized than in brunneus , in which they are very flexible and only 
faintly discernible. 

The male . — The rodeagus was found to agree with the description and 
figures of Sharp and Muir (10), except that the basal margin of the basal 
piece was found to terminate in front of the point of articulation, but not so 
far forward as in brunneus. Whether the anterior margin of the basal piece 
clipped around the lateral lobes was not observed, as no sections were made. 
In other respects it was similar, and gave the impression of being a more 
robust structure. 

Nothing was found of the testes, but the position and appearance of the 
remains of the vasa deferentia, seminal vesicles, accessory glands, and ejacula- 
tory duct wore similar to those of brunneus. 

The two rods arising from under the ejaculatory duct as in brunneus , and 
the “ U ’’-shaped apodeme and apodemal rods were present. 

The female . — The similarity of the extruded “ovipositor” as seen in dead 
females to that of brunneus has been referred to by others. From the 
preparation made, there were observed the sctm-lined valve and what would 
be the spermatheca and common oviduct. Remains of the ovaries were 
present, but the number of ovarian tubes could not be distinguished. The 
ovipositor, in repose, and the apex of the distal portion bore a marked 
similarity to those of brunneus. Further, the cloacal stalk and short rods, and 
the apodeme and apodemal rods were present. 

From the appearanoe of the “ ovipositor ” in repose, it seems that the 
alimentary tract must follow a similar course to that of brunneus. 

Observations on Stein’s ‘Female Reproductive Organs in 

UOLEOPTERA.’ 

Stein (11), in his work on the genital system of Coleopterous females, 
describes and illustrates the organs of soveral species which in some par- 
ticulars resemble the organs of brunneus. But this resemblance is so slight 
in most that no comparative deductions can be drawn. There are, however, 
a few points that call for comment. 

The “ ovipositor ” in each of these cases consists of a tube (“ Kloakrohr ”) 
which in repose telescopes approximately one-lialf within the other, but each 
varies in the appearance of the distal portion. In all cases the “ovi- 
positor ” is apparently shorter, in comparison to the length of the insect, than 
that of brunneus and linearis. The rectum, in each of the species referred to, 
enters the inner sheath of the “ ovipositor ” as in brunneus. The cloacal 
stalk is found, hut it is not clear what distance within the abdomen it 
traverses, and in no cose is there any indication of the short rods. 

In the case of those females that are closely related systematically to the 
Lyctids, i. e. Anobium punctatum De Geer ( pertinaa F., domesticum Fourc., 
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striatum 01.)* and Cis boleti Scop.*, the cloaca! stalk, according to Stein, is 
dorsal to the u ovipositor,” and it is therefore in a reversed position in 
bntnneus and linearis . But in the case of other females somewhat distantly 
related systematically, such as Helaps ( caraboides Panz.) striatus Fourc., 
(Kdemera ( vireseens ) lurida Marsh, and Cistela fusca , the cloacul stalk, 
according to the same authority, lies below the “ovipositor,” and, as in 
brunntus and linearis , it arises from the venter. 

It might also be observed that in Anobium punctatum De Geer, Stein 
describes two accessory glands — in the female, of course. One is unpaired 
and the other paired, the former lying ventral to the “ovipositor” and the 
latter pair apparently arising from within the inner sheath of the “ ovipositor.” 
Pygidial glands, such as have been found in both sexes of hmnneus , are not 
mentioned by Stein. 

Note on the Morphology of the Apex of the Abdomen in 

IjYCTUS BXUNNKU8 STEPH. 

This note is based upon a close study of the sections previously referred to, 
and of a series of balsam mounts of pupae in various stages of development, 
as well as various preparations made from thb beetles. 


Tkxt-fig. 4. 



Apex of the abdomen of three pupa of X. brunmus from specimens prepared and mounted 
in balsam. A, ventral aspect of a female, early stage of development ; B, dorsal 
aspect of the same, seen through the back of the slide. C, ventral aspect of a female, 
later stage of development ; 1), dorsal aspect of the same, seen through the back of the 
slide. E, ventral aspect of a male, late stage of development ; F, dorsal aspect of the 
same, seen through the back, of the slide. anus; ym i genitalia j yo t gonopore ; 
7p> seventh pleurite ; 7*10, tergites j VJI-X, stemites. All figures tamer* hmda 
outlines, X 66. 

* ,!S» opportunity to examine specimen. of Ob boleti hu fwwtly ooctu-pwi, »nd th» 

clonoJ rtallt WM found to b. ventral to fiw ovipoaitor, m in t rw &tj t . 
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Text-fig. 4 depicts the ventral and dorsal aspects of the apex of the abdomen 
of three pupae. From these it is apparent that the external appendages of 
the genitalia in both sexes arise from a similar position, i.e, on the ninth 
sternite (IX) and towards the tenth; the gonopore (r/o) lies medianly between 
these appendages, and is situated on the ninth sternite. 

In the female Ij, brumieus the last visible sternite — the fifth of systematists — 
is the true seventh sternite (Vll) and corresponds with the seventh tergite (7) 
directly above it (PI. 33. figs. 1 & 3). The pygidium represents part of the 
eighth segment with the cloacal stalk ( It ) an invagination of tho eighth 
sternite (VIII), and the paired rods (sr) are lateral invaginations of the 
eighth tergite (8). This conclusion is supported by the presence of the m 1 
and m 2 series of muscles (PI. 32. fig. 1), which would seem to be modified 
intersogmental muscles. For the position of attachment of the m l set is from 
the apex of the cloacal stalk to lateral positions near the beginning of the 
ninth segment — the basal portion of the “ovipositor”; whilst the in 2 set, 
which envelop the cloacal stalk, arise from the point of its invagination. 
Moreover, a part of Iho muscles enveloping the paired rods (sr, PI. 32. fig. 1) 
are attached laterally to the base of the ninth segment, whilst the remainder 
of these muscles are attached to the point of invagination of each rod. 

The “ovipositor” is, therefore, a double tubular prolongation of the ninth 
segment, tergites and sterniies being indistinguishable. Whether the trans- 
parent and setje-less basal portion of the “ovipositor” represents a pro- 
longation of the “soft membrane” between segments 8 and 9, is not 
manifest. Intersegmontal membrane is not manifest anywhere else. And, 
conversely, with regard to the sette-covered distal portion of the “ovipositor,” 
seta? are not manifest on any tergite hut the seventh. 

The apex of the ovipositor bears the anus dorsally between the fused and 
reduced tenth tergite and sternite, and it carries the genitalia on the ninth 
sternite beyond the anus. 

In the male (PI. 31. figs. 2 & 3) the last visible sternite is the seventh, as 
in the female ; and likewise the pygidium represents the eighth segment 
The ninth tergite and sternite are not solidty chitinized, and are invaginated 
and fused at their beginning to form the lumen enclosing the uodeagus and 
the anus, the latter being enveloped in a tube (ev, tig. 3) formed by the 
fused tenth tergite and sternite, as in Hie female. The invaginated ninth 
segment, the sternal portion of which is invaginated more than the tergal 
portion, shortly evaginates. Then the tergal portion joins the tergal portion 
of the tube [ ev (10), fig. 3] ; whilst the sternal portion, in which the gonopore 
is situated medianly, eventually joins the sternal portion of tho tube (X, 
fig, 2). The ninth sternite is prolonged around the gonopore to form the 
extrasible membranous tube carrying the oedeagus, to which it is attached, as 
previously stated,* around the basal piece. The paired rods (vr, figs. 1 & 3) 
that project into the abdomen from the tube (iv) are invaginations of the 
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tenth segment, and the three sets of muscles associated with these paired rods 
are also intersegmental muscles. The lateral sets following the course of the 
rods represent the muscles of the tenth sternite and tergite, whilst the median 
set represent those of the tenth and ninth sternite. 

The homology between the genitalia of the sexes seems apparent (text- 
figs. 3 & 4 and PI. 31. figs. 1 & 3). The sensory-pitted unjointed lateral 
lobes homologize with the sensory-pitted jointed vaginal palps ; the basal 
pieces correspond ; and the evaginated median lobe and extrusible internal 
sac homologize with the internal forked rods — “ seitenstuck” — and invaginated 
uterus. The analogy of their functions is obvious. 

In the larva of L . brunneus there are nine pairs of spiracles : one prothoracic 
and eight abdominal pairs. In the adult there are nine pairs of spiracles : 
one prothoracic, one metathoracic — on the soft integument below the wing- 
bases — and seven abdominal pairs. 

Summary. 

Both sexes in L, brunneus are sexually mature when they have emerged 
through the wood from their pupal chambers. An external sex-character is 
described. 

In the male the reproductive organs consist of two, testes of twelve 
pyriform testicular follicles of unequal size, six arising from each convoluted 
vas deferens, which terminate in a pair of jointed snbcvlindrical seminal 
vesicles. A short tube arises from each seminal vesicle, and forms the 
ejaculatory duct which empties into the mdeagus. Partly superimposed over 
the seminal vesicles and emptying into the short tubes are the paired 
accessory glands. They are subcylindrical, slightly tapering, ami are curved 
around to underneath the ejaculatory duct. There is a pair of pygidial 
glands. 

In the female the reproductive organs consist of two ovaries, each com- 
posed of fourteen ovarian tubes with the nutritive cells situated at their 
apices. The ripe eggs accumulate in a calyx which continues to form the 
oviduct. The oviducts terminate in a chitinized seto-lined paired valve 
which forms the source of the common oviduct. At this point the voluminous 
spermatheca arises ; it terminates in a tubular spermatbecal or accessory 
gland. The common oviduct disappears into the invaginated double tubular 
“ovipositor 9 ’ at a point in the metathorax, where the rectum also enters. 

In the testicular follicles the spermatozoa are in bundles, in the sperma- 
theca they are in packets or spermatophores. 

The “ ovipositor has been found to consist of a double tubular prolongation 
of the ninth abdominal segment, with a reduced tenth segment towards the 
apex. When extruded the “ ovipositor” iff approximately the length ef 
the beetle. Situated at the apex of the M ovipositor 11 are the genitalia with 
the anus a short distance behind. 
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Arising as an invagination of the eighth sternito and extending into the 
motathorax is the long, flexible, and strongly-chitinizcd cloacal stalk, from 
which arise systems of muscles for exserting and withdrawing the ovipositor. 
These muscles are found to he modified intersegmcntal muscles. 

Morphologically tlio gonopore in both sexes was found to arise medianly 
on the ninth sternite, and the homology of the genitalia appears. 

In the larva of L . brunneus there are nine pairs of spiracles, one thoracic 
and eight abdominal ; in the adult there are also nine pairs, two thoracic and 
seven abdominal. 

The movement which the rectum of the female is subjected to has been 
observed to be injurious to this organ, in that, lacking any musculatory 
system for its withdrawal, other than its muscular structure, it was found 
convoluted inside the “ovipositor” of an egg-laying specimen. This 
defectiveness must accelerate death. 
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EXPLANATION OF THE PLATES. 

Plats 31. 

Fig. 1. Male genitalia. Semi-diagrammatic. X circa 51. 

Fig. 2. Transverse section (slightly oblique) through Apex of abdomen of immature male. 
XlOO. 

Fig. 3. Right lateral aspect of apex of male, abdomen, x 114. 

Fig. 4. Diagrammatic ventral aspect of seminal vesicles, accessory glands and their junction 
with branched ejaculatory duct, x circa 31. 

Fig. 5. Diagrammatic dorsal aspect of genitalia and alimentary tract in situ. Greatly 
magnified. ' 

Platk 32. 

Fig. 1. Female genitalia (camera husida) and part of alimentary tract (partly diagrammatic). 
X 51. 

Fig. 2. Longitudinal section through apex of female’s abdomen. X 384. 

Fig. 3. Transverse section through spermatheca. C. L X 384. 

Fig. 4. Longitudinal section through base of spermatheca and valves of oviduct. C. I . 
X 384. 

Plate 3a 

• 

Arrangement in situ of genitalia and alimentary tract of female. 

Partly reconstructed from sections and partly diagrammatic. Greatly magnified. 

Fig. 1. Left lateral view. Position of repose. 

Fig, 2. Dorsal view. Position of repose. 

Fig. 3. Right lateral view. Position when ovipositor extruded. 

. Platk 34. 

Fig. 1 . Longitudinal section through ovipositor at j unction of inner and outer sheaths. 

Fig, 2. Longitudinal section through middle of ovipositor, showing rectum convoluted. 

Fig. 3. Longitudinal section through qvipositor, showing rectum and common oviduct 
separating. 

Fig. 4. Transverse section of ovipositor at junction .of inner and outer sheaths. 

Fig. 5. Transverse section of middle of oviposi tor. 

Fig. 6, Transverse section of ovipositor shewing rectum and common oviduct separating. 
Fig* 7. .Transverse section of pvipowtor showing anus freehand common oviduct completely 
enclosed by inner sheath, ' * 

Fig. 8.*, Trims verse section through bdrshcapnlatiix. 

. (Figs. 1, 2, and 8 are of a mature fertilised female. Part ft l, and partly recpnatructed# 
Figs. 4, 3, 6, and 7 are of an immature female, ft h tig. 8 Is of a fertilised female, 
ft *. All figures x 840.) . 4 . 
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Reference Lettering. 

ag, accessory gland ; age , junction of accessory gland And ejaculatory duct; an, anus; 
asg, iiperture of secreting glands ; ap, apod cm e ; apr, rod of apodeme ; be, bursa copulatrix ; 
bop n basal portion of ovipositor ; bp, basal piece ; e f calyx ; cl, colon ; eo, common oviduct ; 
cm, commissure ; d, dorsal ; dop, distal portion of ovipositor ; dp, dorsal pygidial plates (8th 
tergite) ; dr , dorsal rod ; ec, egg-ebambers ; ej, ejaculatory duct ; el, elytron ; et, ovarian 
tubes ; ev, enveloping slieath ; /, filament ; in, in tegumental sheath ; ins, inner sheath of 
ovipositor: is, internal sac ; jej, junction of ejaculatory duct ; jo, junction of outer and inner 
sheaths of ovipositor; ll, lateral lobes; Im, ileum; lo, left ovary; Ir , cloacal stalk; Isp, 
loose spermatozoa; m, muscles; sets of muscles; ma, mesothoracic acetabula; 

me, mesothoracic coxa ; mf, median foramen ; ml, mediau lobe ; mo, median orifice ; 
mp, malpighian tubes ; ms, mesenteron ; msl, mesothoracic leg ; mta, metatboracic aceta- • 
bula ; mtc, metatboracic coxa ; mtl, metathoracic leg ; mx, suture between meso- and 
metasternum ; n, abdominal nerve-ganglion ; od, 'oviduct ; oe, oedeagus ; op, 2-joinled 
vaginal palp of ovipositor ; ots, outer sheath of ovipositor ; ovp, ovipositor ; p, palp ; 
pa, point of articulation ; pi, prothoracic leg ; pr, point of extrusion of anus ; psp, setae 
inside spermatheca ; q, metasternum ; qe, episternum of metasternum r, rectum ; rc , con- 
voluted rectum ; ro, right ovary ; s , setae ; sg, secreting glands ; sp, spermatheca ; spy, 
sperm nth ecal gland ; spp, packets of spermatozoa (spermatophores) ; sr, short rod ; st, branch 
of ejaculatory duct ; stm, stomodeum ; sv, seminal vesicle ; tc, terminal chamber ; is, testes ; 
v, ventral : vd , vas deferens ; vo, vaginal orifice ; vp , ventral pygidial plate (VIII sternite) ; 
it, ventral rods ; vt, valvular duct; w t wing; 1-10 tergites, I-X sternites. 
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The Foraminifera o£ Lord Howe Island, South Pacific. 

By E. Hbron-Allen, F.R.S., F.L.S., and A. Earland, F.R.M.S. 

(Platks 36-37.) 

* 

[Head 21st June, 1923.] 

The highly interesting material which forms the subject of the present 
Monograph was collected by Prof. R. Douglas Laurie during the visit of the 
British Association to Australia in 1914. We may quote his own description, 
which is as follows: — “It consists of material taken from between tide- 
mark at ‘ Middle Beach ’ on the east side of the Island, which is the exposed 
side, i. e. without a coral reef. There is a little coral to be seen growing on 
this shore at low tide, but on the other — on the west side of the Island — is a 
coral reef quite well developed and protecting a lagoon, about a mile from 
the land. 

“Middle Beach, observation spot; Lat. 31° 31' 3U f/ S., Long. 159° 15' 
28" E. 

“ Lord Howe Island is the most southerly Pacific Island with a coral reef. 
Norfolk Island, though about 2° 30' further north, has none, nor is there one 
on the Australian Pacific coast at similar latitude. 

“The whole of the material was collected from one small beach; from 
two different levels. 58 6, hardened coral sand and weed from rock-pools at 
lower half of the beach ; 58 c, loose surface coral sand to an approximate 
depth of i inch, from three-quarter high-tide line.” 

Prof. Laurie sent us a preliminary sample, with a view to ascertaining the 
value of the material, from 58 c, and, this having promised excellent results, 
he subsequently sent us seven bottles, which may be described as follows : — 

No. 1. In 70 % alcohol. This had never been dried. (586.) 

„ 2 & 3. „ „ This had been previously dried at 50° C. These 

yielded about 10 cc. of “ floatings.” Much byssus and organic 
material. Many species in the finer siftings, and notable specimens of 
Nubeeularia bvadyi s A r . schauimlandi , and Discorbina polyxtomelloides 
in the coarser grades. 

„ 4. A small bottle containing Orbitolites only ; ranging from minute speci- 
mens up to individuals 6 mm. in diameter. Dried without heat. (58 6.) 

„ 5. Similar material in 70 % alcohol. Never dried. (586.) 

„ 6. A single dried specimen of Orbitolites cmplanata , with the monstrous 
rectangular secondary outgrowth. (From 58 6.) 
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No. 7. The residue of the preliminary sample from 68 e, dried without heat. This 
material was coarse, and yielded practically no “ floatings,” the •Fora- 
minifora being a good deal worn. It consisted largely of Orbitolites 
and Tinoporua ( Ba eulogy psina sphairulata) with about twenty other 
species of robust types, among which AmphisUgina lesttonii , Tcxtularia 
agylutinans , and its ally Haddonia torreeienais were prominent. 

Perhaps the most notable feature of the gatherings was the presence of 
two genera new to science, IHffusilina and Cratewtes, which are fully 
described and figured in this monograph. 

Another very noteworthy and interesting feature was the profuse occur- 
rence of species in the reproductive stages, both by viviparity and “ budding.’* 
We have called attention, in our notes, to JS T ubecularia lucifuga , Spirillina 
campanula (sp. nov.), .Discorbma tuber nacnlar is , Oypsina inforrens, and others, 
containing young brood in the cavity of the test, resulting from the absorption 
of the internal septa. Beyond this, certain species (e.g., Bulimina elegan- 
tisshna) exhibited unquestionable evidence of the reproduction by iC budding ’* 
from the aperture, described at length and illustrated by Heron-Alien in the 
Phil. Trans, of the Royal Society (H-A. 1915, RPF.). 

Among the 199 species and varieties described from the material sub- 
mitted to us, seven are new to science. Perhaps the most noteworthy 
species, beyond these, are Fubeeularia schauinslandi , Miliolina kerimlxitiva , 
M . stelligera, Fiseherina pelludda , Jridia diaj>hana 9 Haddonia ttyrresiertsis> 
Frondicularia scottii , Lhigerina wlseyertsi^ Ramnlina grimaldti , and JHsrovbina 
reniformis. 

We may be allowed to say that we have never had material submitted to 
us which has been more carefully collected and preserved for examination. 
Our onlj r regret is that it should have been collected from reefiess areas only. 
No complete study of the foraminiferal fauna of the Island can be made 
under such reservation. The material shows that a large proportion of the 
specimens are not of local origin, but arc more or less water-worn shells 
which have travelled some distance. The more perfect specimens, of local 
origin, arc, in the case of a number of species, rather small and pauperate, 
probably evidencing existence under difficulties, due, no doubt, to paucity of 
food on the exposed side of the Island. A collection made on the eastern 
side of the Island, among the reefs and in the still waters of the La goon, 
would probably have yielded a much longer list. 

The general facies of the foraminiferal fauna is, of course, sub-tropical 
and of the Indo-Polynesian type. Many of the species recorded have a wide 
range, from East Africa, through the Malay and Australasian Seas, to the 
Pacific. Perhaps the most significant feature is the marked rarity of certain 
genera which might reasonably have been *expected to occur in abundance, 
e.g., Hauerina , Peneroplu , Alveolina , Polytrema, Operculina, Heterostegina i 
and so on, and the entire absence of many typical species which we should 
have expected to find in such latitudes and in such conditions. 
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Sab-Kingdom PROTOZOA. 

( lass RHIZOPODA. 

Order FORAMINIFERA. 

Family MIL10L1 DM. 

Sub-family N u it e c u l a k i i n as. 

Nubeculaiua DeJ ranee. 

1. NiiBKcrLAHiA lucutua 1 tyrant*. (FI. 35. fig. 1.) 

Suheculana lueifwja Defiance, 1826, Diet. Kci. Nat. vol. mv. p. 210; Atlas 
Zoopli. pi. 14. tig. 8. 

Brady, 1884, IV. p. 134, pi. 1. figs. 9 10. 

„ „ (Fishman, 1910, etc., FXP. 1917, p. 41, pi. 8. fig. 0. 

Fioquent, but not \ery typical, displaying a tendency to run into straight 
lines of chambers. In one specimen the broken filial chamber shows w bat 
is apparently a young individual fitting elosol) into the eonfoimation of the 
chamber. The ) oung specimen consists of four inflated chamberlets arranged 
on a rotaline plan. The surface appears to lie pitted, but not perforate. 
Texture very thin and delicate. 

2. NrUECTLARlA BKADYl MUlett. 

Nubeculana hiflata Brady, 1884, FC. p. 136, pi. 1. figs. 6-8. 

„ hradyi (now. moil) Millett, 1898, etc., FM. 1898, p. 201, pi. 5. 
fig. 0. 

., „ Heron- Allen & Earlaud, 1914-16, FKA. p. 560, pi. 40. 

figs. 8-10. 

Abundant and very variable. 

3. Nubeculaiua schauinslam)] ( li humbler ) . (FI. 35. figs. 2-5.) 

MilioVma whauinslandi Ithumbler, 1900, FLU. p. 41, pi. 3. figs. 20, 21. 

Quinquehcidina „ Cushman, 1910, etc., FNP. 191 7, p. 56, pi. 8. figs. 7, 8 
(after JKhumbler). 

Frequent and very variable. The test, so far as external appearances go, 
starts with a perfectly normal and well-developed individual comparable 
with Miliolina rotunda or At. labiosa , followed by a straight or curving series 
of irregularly formed chambers terminating in a largo, gaping, irregular 
orifice, narrowed down by a variable number of projecting teeth. It appears 
to be nothing more than a strongly-developed Xabecularia hradyi , and is 
certainly much more closely allied to that form than to the milioline series of 
the initial chambers. The more regularly shaped specimens suggest Sevillina 
coronata (Millett), but are very different from Sidebottoni’s specimens 
( Man chester Mem. vol. xlix. 1905, No. LI), the types oi which are 
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in oar colleolion. The points of difference lie in the extremely regular 
disposition of the chambers in Nevillina , and particularly in the distinctive 
crown-like aperture. Millett's original type-specimen of Biloculina coronata , 
which is also in our collection, is, on the contrary, much more likely to be 
referable to Nubeeularia tchauinslandi than to Nevillina coronata, its only 
point of identity with Nevillina being the fact that the projecting teeth 
round the aperture actually meet and coalesce instead of remaining distinct 
and separate as in Nubeeularia tchauinslandi. Otherwise the whole structure 
and appearance of the specimen is distinctly nubecularine and has no feature 
in common with Nevillina coronata. 


Sub-family MiliouniNjE. 

BlLOCULlNA d’Orbigny. ' 

4. Biloculina BINGENS, var. stbiolata Brady. 

Biloeulina ringens, var. striolata Brady, 1884, FC. p. 143, pi. 3. figs. 7, 8. 

„ „ „ Millett, 1898, etc., FM. 1898, p. 262, pi. 5. 

fig. 8. 

„ „ „ Heron-Alien & Earland, 1914-15, FKA. 

p. 561. 

Rare. The specimens agree entirely with Brady's description and figure. 

5. Biloculina sarsi Schlumherger. 

Biloeulina sarsi Schlupiberger, 1891, BGF. p. 166, pi. 9. tigs. 55-59, text- 
figs. 10-12. 

„ „ Cushman, 1921, FP. p. 471, pi. 97. fig. 1, text-fig. 48. 

Rare. The specimens are fairly large and distinctive. 

6. Biloculina depkebsa d’Orbigny. 

Biloeulina depressa d’Orbigny, 1826, TMC. p. 298, no. 7 ; Modele, no. 91. 

„ „ Brady, 1884, FC. p. 145, pi. 2. figs. 12, 15-17; pi. 3. 

figs. 1, 2. 

Very rare. 

7. Biloculina depressa, var. serkata Bailey. 

Biloculinu depressa, var. eerrata Bailey, 1861 , New Spp. Micr. Org. Para River, 

6. America. Boston Journ. Nat. His t, 
vol. vii. p. 350, pi. 8. fig. E. 

» „ » Cushman, 1910, etc., FNP. 1917, p. 76, pL 29. 

fig. 2. * 

A single specimen, the serration being confined to the aboral half of the 
shell* 
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8. Bilooulina elongata d’Orbigriy. 

Bilocnliaa elongata d’Orbigny, 1820, TMC. p. 208, no. 4. 

„ „ Brady, 1884, PC. p. 141, pi. 2. fig. 9. 

,♦ „ Heron- Alloa & Eurlund, 1913, Cl. p. 22, pi. 1. fig. 4. 

Very rare, but fairly typical. 

9. Bilocolina opposita Deshayes . 

Bilocnlina opjmita Desha} es, 1831, CCT. p. 252, pi. 3. figs. 8-10. 

„ „ Broun, 1837, LG. p. 1 143, pi. 42. fig. 30. 

(Eucycl. Metliodiquc, vol. ii. p. 138, fide Broun.) 

„ oblonga d’Orbigny, 1839, F(\ p. 103, pi. 8. figs. 21-23. 

Throe small but distinctive specimen* which agree remarkably well with 
Deshaves* figures, except as regards the tooth, which is not strongly furcate 
as in his specimens, but less prominent us in d'Orbignv's U. oblonga , which 
is, in other n»*q>‘*ct&, identical with Dcshay es* earlier figure. This form may 
he regarded a- an abbreviated and inflated variety of B . elongata. 


Kpikoloci LINA tf Orhigny. 

10. Sl’IHuLOlTI.IN \ ANT1LLAKVM d' < h'biany. 

iN pirohculina antillarum d’Orbigny, 1839, FC. p. 106, pi. 9. tigs. 3, 4. 

,, „ Brady, 1884, FC. p. 155, pi. 10. fig. 21. 

„ Horoii-Allen A Kurland, 1908, etc., S3. 1911, p. 301. 

Abundant, One of the most typical forms in the gathering. The final 
pair of chambers is usually so turgid as almost to enclose all the preceding 
chambers. 

11. SpjfiOLOCULINA CAN A L1C PLATA d’ < h'bigny. 

Spiroluculina canal ieulata d’Orbigny, 1840, FFV. p. 209, pi. 10. figs. 10 12. 

„ „ Jones, Parker, & Brady, 1806, etc., MCF. p. 16 

pi. 3. figs. 39, 40. 

„ „ Cushman, 1923, FP. p. 395, pi. 80. tig. 3. 

Very rare and weak, and exhibiting a tendency to separation of the 
chambers, so as to leave lacuna 1 between the adjacent chambers, as in 
S. acutimargo Brady. 

12. Spiboloculina flanulata {Lamarck). 

Miliolitee planulata Lamarck, 1804, AM. p. 352, no. 4. 

SpiivlocuHna „ Brady, 1884, FC. p. 148, pi. 9. tig. 11. 

„ „ Heron- Allen & Karlund, 1914-15, FKA. p. 555. 

A single large specimen which on one side is plain* and on the other feebly 
costate, a variation referred to in FKA. (at supra). 
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13. Spiroloculina tenuirostra Karrer. (PL 36. figs. 6, 7.) . 

Spiroloculina temsirostra Karrer, 1867, FO. p. 358, pi. 2. fig. 5. 

„ aeutimargo Brady, 1884, FC. p. 154, pL 10. fig. 14 (only). 

„ „ Egger, 1803, FO. p. 222, pi. 1. figs. 26-28. 

A single specimen, identical with Egger’s figure o£ 8. aeutimargo Brady. 
Under this name Brady figures three distinctive forms. Fig. 12 is clearly 
S. affiaa Terquem. Figs. 13 and 15 are what we may regard as 8. aeutimargo 
proper. Fig. 14 is a quite distinctive little shell which Cushman (C. 1921, 
FP. p. 398), under S. aeutimargo , attributes to the genus Masnlina. It is the 
same as Egger’s figure and is in our opinion attributable to S. tenuirostra 
Karrer, the distinctive features of which are a sharp angular edge to the thin 
embracing chambers, almost meeting over the faces of the shell. In our 
specimen the embracing character is so marked that the two final chambers 
with their flanges envelop the entire face, and the separate chambers are only 
visible where the surface of the test is abraded. We have observed this form 
in many tropical coral sandB. 

Miljolina Williamson. 

14. Miliolina circulars ( Bomemann ). 

Triloculina circularis Bornenmnn, 1855, FSH. p. 349, pi. 19. fig. 4. 

Miliolina „ Brady, 1884, FC. p. 169, pL 4. fig. 3 ; pi. v. figs. 13, 14 (?). 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 557. 

Abundant, and very variable in size. Both biloculine and triloculine forms, 
as figured by Millett (M. 1898, etc., FM. 1898, p. 499, pi. 11. figs. 1-3), the 
biloculine being relatively rare. 

15. Miliolina valvularis (Reuse). 

Triloculina valvularis Reuse, 1851, FSUB. p. 85, pi. 7. fig. 56. 

Miliolina „ Brady, 1884, FC. p. 161, pi. 4. figs. 4, 5. 

„ „ Heron-Alien & Earland, 1913, Cl. p. 27. 

Fairly frequent, but small. 

16. Miliolina dilatata (d'Orbigny). 

Quinqueloculina dilatata d’Orbigny, 1889, FC. p. 192, pi. 11. figs. 28-30. 

,, „ Schlumberger, 1893, MOM. p. 75, text-figs. 29, 30, 

pi. 3. figs. 70-74 ; pi. 4. figs. 87-90. 

Miliolina „ Heron-Alien & Earland, 1914-15, FEA. p. 659. 

Two large characteristic individuals. 

17. Miliolina labiosa (d'Orbigny). 

Triloculina labiosa d’Orbigny, 1889, FC. p. 178, pi. 10. figs. 12-14. 

Miliolina „ Brady, 1884, EC. p^ 170, pi. 6. figs. 3-5. 

„ „ Millett, 1898, etc., FM. 1898, p. 502, pL ll.flgs. 8, 9. 

Bare, bat typical. ' 



fcHE KORAMINIFBKA OF LOUD HOWE ISLAND. 


605 


18. Miliolina subrotunda {Montagu). 

Vermiculum subrotundum Montagu, 1803, TB. pt. 2, p. 521. 

MilioUuu subrotunda Brady, 1884, FC. p. 168, pi. 5. figs. 10, 11. 

Frequent and small. 

19. Miliolina seminuda ( Rents ). 

tyuinquelocnlina seminuda Reuse, 1866, FAB8. p. 125, pi. 1. fig. 11. 

Miliolina subrotunda (Montagu var., Wright, 1885-6, BLP. p. 319, p. 26. fig. 5. 
„ seminuda Heron-Alien & Earland, 1014- 15, FKA. p. 560. 

Not uncommon, variable in the number of strife, which tend to spread over 
tho entire surface of the shell, thus linking the species with AJ. webbiana 
(d’Orb.). 

20. Miliolina webbiana (d* Orbigny). 

* Trilomlina webbiana d'Orbigny, 1839, FIC, p. 140. pi. 3. figs. 13-15. 
Miliolina fichteliana Brady, 1 884, FC. p. 1 69, pfc 4. fig. 9. 

„ suboi'biculariit Millett, 1898, etc., FM. 1898, p. 502, pi. 'll. fig. 13. 
„ webbiana Heron-Alien & Earland, 1914-15, FKA. p. 560. 

Rare. 

21. Miliolina tjogonula ( Lamarck ). 

MUiolites tngonula Lamarck, 1804, AM. vol. v. p. 351, no. 3. 

Triioctdina „ d’Orbigny, 1826, TMC. p. 299, pi. 16, figs. 5-9; Modele, 
no. 93. 

Miliolina „ Brady, 1884, FC. p. 164, pi. 3. figs. 14-16. 

Frequent. All the specimens are of the very elongate type, comparable 
with M. ajfinis (d’Orb.) (F. 1905, SOM. p. 59, pi. 1. fig. 2). 

22. Miliolina tiucakinata (il* Orbigny). 

Trilocalina tricarinata d’Orbiguy, 1826, TMC. p. 299. no 7 ; Modele, no. 94. 
Miliolina „ Brady, 1884, FC. p. 165, pi. 3. fig. 17. 

Triloculina „ Cushman, 1921, FF. p. 454, tigs. 35, 36. 

Rare. Both long and short forms occur. 

23. Miliolina bertheliniana Brady . 

Miliolina bertheliniana Brady, 1884, FC. p. 166, pi. 114. fig. 2. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 563, 

pi. 41. figs. 32-35. 

Very rare. Both long and short forms occur. 

24. Miliolina cultrata Brady. 

MUiolina cultrata Brady, 1879, etc., RRC. 1881, p. 45. 

„ „ Brady, 1884, FC. 161, pi. 5. figs. 1, 2. 

t» „ Heron- Allen & Earland, 1914-15, FKA. p. 564, pi. 42. 

figs. 1—10. 

A single very long and delicate individual. 
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25. Miuolina bosciana ( cTOrbigny ). 

Quinqufloculina bosciana d’Orbigny, 1839, FC. p. 191, pi. 11. figs. 22-24. 
Miliolina „ Millett, 1898, etc., FM. 1898, p. 267, pi. 6. fig. 1. 

„ „ Heron- Allen & Earland, 1914-15, FKA. p. 566. 

Small, bat not uncommon. 

26. Miuouna oblonga (Montagu). 

Vcrmicvlurn Mongum Montagu, 1803, TB. p. 522, pi. 14. fig. 9. 

Miliolina oblonga Brady. 1884, FC. p, 100, pi. 5. fig. 4. 

„ „ Heron -Allen & Earland, 1914 15, FKA. p. 566. 

Not uncommon. Jioth the nquare and tin 1 rounded types occur, the 
rounded predominating. One of the latter is characterized by a long stopper- 
like tooth, such as we noted from Clare island ( li.-A. & E. 1913, 01. p. 25). 

27. Miliolina rotunda ( d'Orbigny ). 

TrikrcuHna rotunda d'Orbigny, 1826, TMC. p. 25)9, no. 4. 

Miliolina „ Millett, 1898, etc., FM. 1898, p. 267, pi. 5. figs. 15, Hi. 

,, „ Heron-Alien & Earland, 1914-15. FKA. p. 568, pi. 42. 

figs. 27-30. 

Two distinct forms occur, one moderately frequent of the triloculine type 
figured by Millett (ut supra), the other of the distinctive d'Orbigny an type, 
large, thick-shelled, and finely striate. 

28. Miliolina vulgabih ( dOrbigny ). 

QuinquelocuHna vulgaris d’Orbigny, 1826, TMC. p. 302, no. 33. 

„ „ ' 8chlumborger, 1 893, MOM. p. 65, pi. 2. tigs. 63, 66, 

& woodcuts 13, 14. 

Miliolina vulgaris Heron-Alien & Earland, 1914- 13, FKA. p. 569. 

Large, typical, and frequent. 

29. Miliolina semin ulum (Linne ). 

Serpula semiuulnm Linin'*, 1767, SN. p. 1264, no. 791. 

Miliolina „ Brady, 1884, FO. p. 157, pi. 5. fig. 6. 

„ „ Heron- Allen & Earland, 1914-15, FKA. p. 569. 

Common. Varying greatly in size and occasionally reaching very large 
dimensions. 

30. Miliolina (Triloculina) la&viuata (d } Orbigny). 

Triloculina Icevigata d’Orbigny, 1826, TMC. p. 300, no. 15. 

„ „ Terquem, 1878, FEP. p. 57, pi. 5. (10) figs. 20*21. 

„ „ Bchlmnberger, 1893, MOM. p. 205, pi. 1. figs. 45*47. 

„ „ Heron-Alien & Earland, 1922, FQA. pi. 1. figs. 11*14. 

Two quite typical specimens. The surface-texture is rather rough. 
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31. Miliolina taianu ulakxs (d 9 Orbigny). 

Quinqueloculina triangularis d’Orbigny, 1826, TMC. p. 302, no. 34; 1840, 

FFV. p. 288, pi. 18. figs. 7 9. 

Miliolina „ Jones, Parker, & Brady, 1860, etc., MFC. 1895, 

p. 118. pi. 4. tig. 1, and pi. 6. tigs. 2, a-b. 

Typical specimens. Rare. 

32. Miliolina auberiana (d’Orbigny). 

Quinqueloculina auberiana d’Orbigii), 18139, FC. p. 19:3, pi. 12. figs. 1-3. 
Miliolina „ Brady, 1884, FC. p. 162, pi. 5. tigs. 8, 9. 

„ „ Heron- Allen & Earlaud, 1914-15, FKA. p. 571. 

Common and generally small. Large and typical specimens are rare. 

33. Miliolina auberiana, var. semire fktlata, nov. (FI. 35. figs. 8-10.) 
Haying the characteristic form of M. auberiana . but with the peripheral 

margins of the chambers reticulated. Cushman’'* M. Lerimbatira , var .philips 
pinensis (U. 1921, Fl\ p. 438, pi. 89. figs. 2, 3) is a similar torin, hut the 
periphery and median wing are rounded instead of sharp as in J7. auberiana . 

34. Miliolina crviEiiiANA (d’Orbigny). 

Quinqueloculina envieriana d'Orbigny, 1839, FC. p. 190, pi. 11. tias. 19-21. 
Miliolina „ Brady, 1884, FC. p. 102, pi. 5. tig. 12. 

„ „ Heron-Alien & Karland, 1914-15, FKA. p. 571, 

pi. 42. tigs. 33 30. 

One weak specimen. 

33. Miliolina bicosta ta (<COrbimty). 

Quinqueloculina bicosiata d'Orbigny, 1839, FC. p. 195, pi. 12. tig6. 8-10. 
Miliolina bicostata Goes, 1894, ASF. p. 112, pi. 20. tig. 855. 

„ „ Heron-Alien & Earland, 1914 15, FKA. p. 572, pi. 42. 

figs. 42-45. 

Large and well-developed and fairly frequent. The specimens differ from 
the Kerimba individuals in the aperture, which is normal, round, and furnished 
with the usual tooth, agreeing in these respects with the figure of Goes. 

36. Miliolina undosa ( Karrer ). 

Quinqueloculina undosa Karrer, 1867, FO. p. 361, pi. 3. fig. 3. 

Miliolina undosa Brady, 1884, FC. p. 176. pi 0. figs. 6-8. 

„ „ Heron- Allen & Earland, 1914-15, FKA. p. 572, pi. 43. 

figs. 1-4. 

Frequent and typical. 

37. Miliolina unpulata ( d’ Orbigny ). 

Quinqueloculina umiulata d’Orbigny, 1826, TMC. p. 302, no. 27. 

,« n Schlmnberger, 1893, MUM. p. 71 , pi. L figs. 53. 54 ; 

pL 2. figs. 60, 61 ; text-figs. 23, 24. 
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Mi Uolina undulata Heron-Allen & Earland, 1914-15, FEA. p. 578, pi. 43. 
■ figs. 5—8. 

Very rare and rather small, bat quite typical. 

38. Miliolina reticulata (d’Orbigny). 

TrUoculina reticulata d’Orbigny, 1 820, TMC. p. 299, no. 9. 

Miliolina „ Brady, 1884, FC. p. 177, pi. 9. figs. 2-4. 

„ „ Heron-Alien & Earland, 1914-15, FEA. p. 573, pi. 43. 

figs. 9, 19. 

Frequent and large, of the quinquelocnline rounded type, with coarse 
markings. 

39. Miliolina parkkki Brady. 

“ Quiuqueloculina with oblique ridges,” Parker, 1858, MIS. p. 53, pi. 5. fig. 10. 
Miliolina parkeri Brady, 1884, F(J. p. 177, pi. 7. fig. 14. 

„ . „ Heron-Alien & Earland, 1914-15, FEA. p. 574, pi. 43. 

figs. 11, 12. 

Very rare, bat large and typical specimens. 

40. Miliolina kerimbatica Heron- A lien Earland. 

Miliolina kerimbatica Heron- Allen & Earland, 1914-15, FEA. p.575, pi. 43. 
figs. 13-23. 

Quint/tieloeulina „ Cushman, 1921, FP. p. 437. 

A single large and typical individual. 

41. Miliolina fusoa Brady. 

Quinqudoculina fusca Brady, 1870, FTR. p. 286, pi. 11. fig. 2. 

„ „ Schulze, 1874, etc., R. 1875, p. 134, pi. «. figs. 19, 20. 

Miliolina „ Heron- Allen & Earland, 1914-15, FEA. p. 576. 

Hare, hut large and well-developed. 

42. Miliolina contorta ( d’Orbigny ). 

Quinijuelccalina contorta d’Orbigny, 1846, FFV. p. 298, pL 20. figs. 4-6. 
Miliolina „ Goes, 1894, ASF. p. 11 1, pi. 20. tigs. 851 , 852. 

„ „ Cushman, 1921, FI*, p. 432, pi. 90. fig. 1. 

Frequent and large. 

43. Miliolina fbuussacu ( d ’ Orbigny ). 

Quinquelomdina fenueadi d’Orbigny, 1826, TMC, p, 301, no. 18 ; Module, 

no. 32. 

Miliolina „ Brady, 1884, FC. p. 175, pi. 113. fig. 17, 

„ n Heron-Alien & Earland, 1914-15, FEA. p. 578. 

Frequent, and all of the feeble smooth type figured fay MiUett (M. 1898, 
etc.. FM. 1898, p. 508, pi. 12, fig. 7 {fig. 6 in text]). 
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44. Miliolina LINN.® ANA ( d'Orbigny ). 

Triloculim linneiana d’Orbigny, 1839, FC. j>. 172, pi. 9. figs. 11-13. 

Miliolina Unnasana Brady, 1884, FC. p. 174, pi. 6. figs. 15-20. 

„ „ Horon-Allen & Earland, 1914-15, FKA. p. 579. 

A few very a large and typical specimens. 

45. Miliolina striata ( d ’ Orbigny ). 

Quinqueloculim striata d’Orbigny, 1 8.'t>, TMC. p. 801, no. 4. 

„ „ Terquem, 1882, FEP. p. 184, pi. 20. (28) figs. 10-12. 

Miliolina „ Heron-Alien- & Earland, 1914-15, FKA. p. 579, pi. 44. 

figs. 18—1 i . 

Rare ; very small and weak. 

46. Miliolina stblliorra ( Schhunberger ) . 

Quinquel-ornlina stellujera Scfalurnberger, 1893, MOM. p. 68, pi. 2. figs. 58, 59. 
Miliolina „ Heron-Alien & Earland, 1913, Cl. p. 31, pi. 1. 

figs. 14, 15; 1916, FWS. p. 215, pi. 39, figs. 28-31. 

Rare, but typical. 

Sub-family IIauerinin ®. 

Hauerina d ’ Orbigny . 

47. Hauerina compressa d ' Orbtyny . 

Hauerina comyressa d’Orbigny, 1846, FFV. p. 119, pi. 5. figs. 25-27. 

„ „ Brad}’, FC. p. 190, pi. 11. figs. 12, 13. 

„ Heron- Allen & Earland, 1914-15, FKA. p. 588. 

A single undoubted specimen. 

48. Hai'erina ornatissima ( Karrer ). 

Quinqueloculim ornatissima Karrer, 1868, MFKB. p. 151 , pi. 3. fig. 2. 
Hauerina „ Brady, 1884, FC. p. 192, pi. 7. figs. 15-22. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 590. 

Two rather poor specimens, not developed to the outspreading stage. 


Pl.ANlSFIRlNA Seguenza. 

49. Planispirina aitriculata Eyger. 

Planispirim aurieulata Egger, 1893, FO. p. 245, pi. 3. figs. 13-15. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 590, 

pi. 46. figs. 3-7. 

Rare, but the two forms differing in relative length and breadth occur, 
as described in our Kerimba Monograph (ut supra). 
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Sub-family Fiboherinin.®. 

FlSOHERINA Ter quern. 

50. Ftsoherina pelluoida Millett. 

Fischerina pelluoida Millett, 1898, etc., FM. 1898, p. 611, pi. 13. figs. 14, 16. 
„ „ Heron-Alien & Earland, 1914-16, FKA. p. 691. 

One excellent and typical specimen. 

Sub-family PenirofiiIDInr. 

Oornuspira Sehultze. 

51. OORNUSPIRA INVOLYENS Rents. 

OperouUna involvens Keuss, 1849-60, FOT. p. 370, pi. 1. (46) fig. 30 (not 30). 

( Comuspira, 1801 ; Model, no 15.) 

Comuspira „ fcBrady, 1884, FC. p. 200, pi. 11. figs. 1-8. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 593. 

Minute, but not infrequent. Both megalo- and microspheric forms, the 
first predominating as usual. 

52. CoRNUSPIRA SELSEYENSIS Heron- Allen Eurland. 

Comuspira ? Earland, 1905, FB8. p. 199, pi. 13. figs. 2-4. 

Comuspira sclseymsis Heron-Alien & Earland, 1908, etc., SB. 1909, p. 319, 
pi. 15. figs. 9-11. 

Small and rare. 

Peneroplus Montfort. 

53. Peneropus pertusus '( Fors / cal ). 

Nautilus pertusus ForskSl, 1775, Descriptio animalinm, p. 125, no. 65. 
Pmeroplis „ Brady, 1884, FC. p. 204, pi. 13. figs. 16, 17. 

„ „ Heron-Alien & Earland, 1914-16, FKA. p. 601, 

Very rare and extremely pauperate in structure. 

' 54. Peneropms carinate s d'Orlngny. 

Pmeroplis curinatus d’Orbigny, 1839, FAM, p. 33, pi. 3. figs. 7, 8. 

„ „ Brady, 1884, FC. p. 206, pi. 13. fig. 14. 

„ „ Heron- Allen & Earknd, 1914-15, FKA. p. 602. 

Also rare, but less pauperate than the pertusus type. 

Orbuolitrs Lamar rk. 

55 . Orbitolites duplex Carpenter . 

Orbitolites duplex Carpenter, .1856, etc., EF. 1856, p. 220, pi. 6. fig. 10 ; 
pi. 9. fig, 10. * 

„ „ Brady, 1884, FC. p. 216, pi. 16, fig. 7. 

„ „ Heron-Alien & Earland, 1914-16, FKA.p. 805. 
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Comparatively infrequent as compared with 0 . complanata. A few speci- 
mens exhibit a crumpled development of the marginal rows of chambers, 
approaching the structure of Orbitolites complanata ( Marginopora vcrtebralis ) , 
var. plicata Dana (1846, in Wilkes's U.S. Exploring Exp. vol. vii. p. 706, 
pi, 60. fig. 9), which is better known under Brady's varietal name, var. 
laciniata , but there is no indication that these specimens represent a repro- 
ductive process as in Dana's variety. 

56. Orbitolites complanata Lamarck . 

Orbiiolit€8 complanata Lamarck, 1802, Syst. Anim. sans Vert. p. 376. 

„ „ Brady, L884, FU. p. 218, pi. 16. figs. 1-6 ; pi. 17 

figs. 1- 6. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 606. 

Extremely common, but never reaching any groat dimensions. No 
specimens of var. plicata or viviparous individuals were observed. 

Ckaterttes Heron-Alien fy Earland . 

Cratkrites, gen. nov. 

This new genus is founded for the reception of a single specimen, which, 
while evidently closely connected with Orhitolite s, cannot by any stretch of 
generic definition he included with hitherto recorded typos. The closest 
search through the material available has not. resulted in the discovery of 
other specimens or of anything which might be regarded as an earlier or 
more advanced condition of growth, and we feel compelled, against our usual 
practice, on such very insufficient data, to institute a new genus for what is 
unqestionably a novel and interesting type of construction. Future research 
may render it. necessary to amplify or amend our description, or may possibly 
relegate the specimen to the position of a freak ora pathological develop- 
ment of Orbitolites complanata. 

57. Crate rites rectus, sp. nov. (PI. 35. figs. 11, 12.) 

The type-specimen is free, but the base, which is roughly quadrigonal in 
form, suggests that it was once sessile on some other object. The basal layer 
consists of a nubecularine mass of chambers without a trace of spiral disposition. 
Arising from this outspread basal layer is a thick trunk nearly circular in 
section, composed of five or six superimposed rings of chamberlets, orbito- 
lino in appearance, but devoid of marginal pores. From this point the trunk 
rapidly increases to nearly double its diameter at its narrowest point by the 
addition of further superimposed rings of orbitoline chambers without mar- 
ginal pores. The greatest diameter of the test is reached at a point which is 
ahout twelve layers of chambers above the rim of the base. From this 
widest point the upper surface of the test is completed by a thin and highly 
convex cover, which bears no trace of septation, but is entirely covered with 
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coarse perforation*, like the rose of a watering-can. Where this oral layer, 
which closely resembles the marginal edge of Orbital ites complanata , has 
been broken away at a point on the edge, a similar eribrate septum is visible 
undei neath. 

The specimen bears a superficial resemblance to the Mycetozoan genus 
Craterium. 

The genus represents a morphological variation of the normal structure of 
Orbitolites complanata . In that typo the chamberlets form u disc, the sides 
of which arc imperforate, while the edge of the disc is covered with cribrato 
apertures. In Craterites the disc is originally perforate on one side and 
imporforate round the edge. Growth ensues bj the addition of a series of 
chambers, which must necessarily be superimposed over the aperture. Hence 
w e get a series of discs superimposed on one another and with a circular eribrate 
covering over all in Craterites , while in Orhitolites tho original disc increases 
rapidly in diameter by the addition of rings of concentric chamhcrlets. 

Size : — 

Height trom edge of base to top of cover, 1*20 mm. 

„ „ bottom of cover, *70 mm. 

Diameter at base, *95 mm. 

„ narrowest part of trunk, *55 mm. 

„ widest part of trunk and junction of cover, *95 mm. 

Alveolina d'Orhiany. 

58. Alveolina mklo ( Fichtel $ Moll). 

» 

Nautilus meh Fichtel & Moll, 1798, TM. p. 118, pi. 24. 

Alveolina „ Hot on- Alien & Borland, 1914-15, FKA. p. 607. 

A single large specimen. 


Family ASTRORHIZIDjE. 

Sub-family Ahtrorhizin.®. 

Tripia Heron- Alim Sr Earland. 

59. Iridia pi aph ana Heron-Alien <$■ Earland. 

Tridia diuphaaa Heron-Alien A Garland, 1914-15, FKA. 1914, p. 371, pi. 36* 
1915, p.607. 

The species is evidently abundantly attached to coral and nnllipore 
fragments. Several good specimens were obtained, both sessile and detached 
the Utter exhibiting the dried protoplasmic body beneath the ehitinons 
membrane. 
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Dendrophrya Strethill Wright. 

60. Dendrophrya radiata Strethill Wright (?). 

Dendrophrya radiata Strethill Wright, 1861, Ann. & Mag. Nat. Hist. ser. 3, 
vol. viii. p. 122. (No figure.) 

>, ,, Brady, 1884, PC. p. 238, pi. 27 a. figs. 10-12. 

Two large fragments which we ascribe to Dendrophrya , to which they bear 
a closer resemblance than to any other species. They represent fragments 
of an organism constructed of irregularly branching flattened tubes, formed 
of fine brown sund deposited npon a chitinous membrane. The interior of 
the tubes is more or less rough (semi-labyrinthic) with projecting material. 
The internal calibre of the tube is very large, the walls being comparatively 
thin. In the absence of further material we are unable to assign these frag- 
ments to any of the recorded species, and hesitate to give them a new name. 
It may be that our organism represents fragments of Cushman’s suggested 
species Dendrophrya ramosa or its var. robusta. (C. 1 921, FP. p. 5fi, pi. 18. 
figs. 7, 8.) 

Sub-family Rhabdamhinina. 

Sagenina Chapman. 

61. Sagenina frondescens (Brady). 

Sagenella frondeseem Brady, 1879, etc., BRC. 1879, p. 41, pi. 5. fig, 1. 

Sagenina „ Chapman, 1899, FF A. p. 4, pi. 1. figs. 1,2; pi. 2. figs. 1, 2. 

„ „ Heron- Allen & Earland, 1914-15, FKA. p. Oil. 

Large and typical colonies attached to small stones. 


Family LITUOLIDjE. 

Sub-family Lit col in as. 

Haplofhragmium Reuse. 

62. Haplophragmium OOMPRESSUM Goes. 

Lituolina irregularis, var. compressa Goes, 1882, ltUCS. p. 141, pi. 12. 

figs. 421-423. 

Haplophragmium emaciatum Brady, 1884, FC. p. 305, pi. 33. figs. 26-28. 

„ eompreteum Goes, 1890, l)OA. p. 31. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 613, 

pi. 46. figs. 20, 21 . 

A single small and coarsely agglutinate specimen. 

63. Ha plophragmium canariense ( d’Ortnyny ). 

Nommiua eanarientia d’Orbigny, 1839, F1C. p. 128, pi. 2. figs. S3, 34. 
Haplophragmium canarie mm Brady, 1884, FC. p. 310, pL 35. figs. 1-5, 

M „ Heron- Allen & Earland, 1914-15, FKA. p. 614. 

pTNW . JOUBN.— ZOOLOGY , VOL. XXXV. 44 
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Common, and attaining largo dimensions. Characterized by a thin white 
regular test, deeply ferruginous, and very neatly constructed of fine sand 
with a very considerable proportion of sponge-spioules. 

64. Haplophragmicm a nobps Brady. 

TTaplophrai/mium atxcept Brady, 1884, FC. p. 313, pi. 35. figs. 1 2-15. 

„ ' „ Millett, 1898, etc., FM. 1899, p. 361, pi. 5. fig. 10. 

„ „ Heron-Alien & Earland, 1913, Cl. p. 47, pi. 3. fig. 4. 

Two small, but typical specimens. 

Plaoopriuna d’Orbigny. 

65. PliACOPSILINA CENOMANA d'Orbiffny. 

Placopsilina cemmana d’Orbigm, 1850, etc , FT’, vol ii. p. 185, no. 758. 

Lituola ( Placopsilina ) cenomana Carpenter, Parker, & Jones, 1862, ISF. p. 143 

pi. 11. fig. 14. 

Plaeojmlim „ „ Brady, 1*84, FC. p. 315, pi. 36. figs. 1-3 

A number of fragments agreeing in structure with this species, but all 
“ free.” It is possible that they may have been originally sessile upon some 
perishable organism. 

Diffusilina Heron- Alim <V Earland. 

Diffusilina, gon. uov. 

Test sessile, squamous, composed of very finely comminuted sand and mud 
enveloping a thin labyrinthic layer of chambers. External surface smooth 
and finished, white to grey m colour, furnished with a few sparsely distributed 
pustules of more loosely aggregated material. 

The fragments of calcareous alga furnished many example* of this new 
type. It is at first very difficult to recognize owing to its colour harmonizing 
with thnt of its host. Its squamous form and habit of growing only in 
depressions and crevices of the alga add to the difficulty of detecting it, but 
when once recognized its presence can hardly be overlooked. It may 
possibly be a widely distributed type. 

The affinitios of Diffusilina are not easily discoverable. The neatly con- 
structed test and high proportion of cement in the finished exterior surface 
indicate the Lituolidse, but it has no close relationship to any previously 
recordod ty pe. We suggest Bdelloidina as its nearest, but still a distant, ally. 

66. Diffdsilina humiljs, sp. nov. (PI. 35. figs. 13-16.) 

Test sessile, of irregular outline, squamous, adapting its growth to 
depressions and crevices on the surface of its host (diffvsus= poured out, 
spilled). Colour resembling its host, white to grey. External surface 
smoothly finished and flat; marginal edges thinned out so as to appear 
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almost continuous with the surface of attachment and presenting no sign of 
marginal apertures. Nearly all the specimens exhibit a varying number 
(1-4) of pustular processes on the superior surface. These rise slightly 
above the smoothly finished agglutinate surface, and appear to consist of the 
same fine sand and mud gs the rest of the test, but without agglutinating 
cement. It appears probable that they represent apertures for the extension 
of protoplasm. 

The test when laid open is seen to contain a single layer of intricately 
ramifying flat tubes, without septa, separated from one another by thin walls 
of agglutinated material and from the surface of the alga by a thin floor or 
pavement layer of similar material. The tubes are completely filled with a 
mass of dark protoplasm. The protoplasmic body is voluminous, dark in colour, 
and ramifies through the entire structure in a single layer separated from 
the surface of the alga by a floor of material similar to that used in the 
construction of the upper layer of the test. 

Size very variable. Compact specimens 1-5$ min. in diameter, but narrow 
specimens following a crevice in their growth may probably attain four or 
five times this size. 


Haddonia Chapman . 

67. Haddonia torresiknsis Chapman . (PI. 35. figs. 17-22.) 

Haddonia torremnsis Chapman, 1897, “ On Haddonia , a new Genus of the 
Poraminifera from Torres Straits,” Jo urn. Linn. Soc. 
Lond. vol. xxvi. (Zoology) (1898) pp. 452-456, pi. 28. 
& text-fig. p. 453. 

„ „ Heron- Allen & Earland, 1914-15, PKA. p. 616, pi. 46. 

fig. 22. 

Abundant and extremely variable both as regards size and relative irregu- 
larity of growth. This organism, which is so abundant in this materia), 
appears to be unquestionably referable to Chapman's genus ; but a study of 
the material leads us to differ from bis conclusions as to its relationships. 
He placed his genus among the labyrinthic Lituolinje ; we £e«‘l inclined to 
transfer it to theTextulariidse, and we have even some doubt as to its generic 
value. A study of a series of specimens indicates that at Lord Howe Island 
growth starts as a free and regularly formed Textularia (< agghttinans or 
gramen). After attaining almost full growth the chambers begin to run 
wild, and they may then assume practically any form — curving or straight 
lines, acervuline masses, remain free, attach themselves to large sand-grains, 
or become sessile upon other organisms, but often so lightly as to become 
detached without damage. The shell-structure is of coarse calcareous and 
siliceous grains with a large proportion of calcareous cement. Chapman 
states that 44 the test commences either with a straight or a sinuous series of 
chambers, or* more rarely* with a flat coil of a single whorl, after which the 

44 * 
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chambers are arranged in a more or less rectilinear manner,'* In only one 
or two instances have we met with a coiled initial series. Bat for the estab- 
lished existence of Haddonia as a genus, and the fact that the Lord Howe 
specimens generally coincide with Chapman's diagnosis, we should have 
regarded our specimens as biological freaks, due perhaps to brackish-water 
conditions affecting the growth of the characteristic Textularia of the district, 
as such conditions of life have been proved to do. 

Sub-family Trochamminiha. 

Troohammina Parker ft Jones. . 

68. Troohammina squamata Parker ft Jones. 

Troohammina squamata Parker & Jones, 1860, KMF. p. 304, table. 

„ „ Brady, 1884, FC. p. 337, pi. 41 . fig. 3. 

„ „ Heron-Alien & Earland, 1913, GI. p. 50, pi. 3. 

figs. 7-10. 

Small, pauperate, and very rare. 

69. Troohammina oohraoea (Williamson). 

Batalina oohraoea Williamson, 1858, RFGB. p. 55, pL 4. fig. 112 ; pi. 5. 
fig. 113. 

Troohammina „ Millett, 1898, etc., FH. 1899, p. 363, pi. 5. fig. 12. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 619, pi. 46. 

figs. 27, 28. 

One extremely pauperate individual, showing the flange described by us 
from Kerimba (ut supra), ahd two small but typical specimens. 

70. Troohammina rotaliformis Wright. 

Troohammina inflata, var., Balkwill & Wright, 1885, HIS. p. 331, pi. 13. 

figs. 11, 12. 

„ rotaliformis Heron-Alien & Earland, 1913, Cl. p. 52, pi. 3. 
figs. 11-18. 

Frequent and well-developed. 

71. Troohammina vesicular®* Goes. 

Troohammina vesieularis Gogs, 1894, ASF. p. 31, pi. 6. figs. 235 -237. 

One large and typical specimen of this high-domed type. 

Carterina Brady. 

72. Cabterina spioulotesta (Carter). 

Botalia spioulotesta H. J. Carter, 1877, “ Description of a new Species of . 

Foramlnifera (BottAia spiouhtesta)," Ann. & Hag. Nat. 
Hist ser.4,voi. xic. p. 470, pi, 18 ; 1879, sar.5, vobiH. 
p. 414 ; 1880, SG3I, ser. 5, yol. v.p, 452. 
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Carterina spiculotesta Brady, 1884, FC. p. 346, pi. 41. figs. 7-10. 

„ „ Sidebottom, 1906, etc., RFD. 1905, p. 6, pi. 1. fig. 10. 

A single undoubted fragmeut, representing a terminal chamber. The 
individual when perfect must have been of considerable size. 


Family TEXT U LAR1IDA5. 

Sub-family TuxTDLAiniNi. 

Textularia Defiance. 

73. Textularia folium Parker iSf Jones. 

Textularia folium Parker & Jones, 1865, NAAF. pp. 370 & 450, pi. 18. fig. 19. 
„ „ Brady, 1884, FC. p. 357, pi. 42. figs. 1-5, 

„ „ Chapman, 1907, ItFV. p. 127, pi. 9. tig. 4. 

A single specimen. 

74. Textularia inconspicua, var. jugosa [Brady). 

1'e.rtularia juyosa Brady, 1884, FC. p. 358, pi. 42. fig. 7. 

„ inconspictia, var. jugosa Millott, 1898, etc., FM. 1899, p. 558, pi. 7. 

fig. 2. 

„ „ „ Heron-Alien &Earland, 1908, etc.,8B. 1911, 

p. 310, pi. 9. fig. 12; 1914-15, FKA. 
p. 624. 

One typical specimen. 

75. Textularia 'rhomboidalis Milieu. 

Textularia rhomboidalis Millett, 1898, etc., FM. 1899, p. 559, pi. 7. fig. 4. 

„ „ Sidebottom, 1904, etc., BFD. 1905, p. 8, pi. 2. 

figs. 2, ? 3. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 624. 

Very abundant and very variable, the marginal edges ranging from quite 
straight to strongly scalloped, owiug to the projection of the extremities of 
the chambers. The median line is often deeply excavated. Small specimens 
are often so compressed as to be with difficulty separated from Bolivina. 
Limbation of the sutural lines often gives a highly decorative appearance to 
the shell. 

• 

76. Textularia grispata Brady . 

Textularia crispata Brady, 1884, FC. p. 359, pi. 1 13. fig. 2. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 624, pi. 47. 

figs. 5, 6. 

. Two specimens, one very large, and quite typical, the other small. 



618 


MESSRS. B. HBRON-ALLEN AMD A. EARLAND Otf 


77. Textdlaria sagittdla Defiance. 

Textularia sagittula Defrance, 1824, Diet. Sci. Nat. vol. xzxii. p. 177 ; vol.liii. 
p. 344 ; Atlas Conch, pi. 13. fig. 6. 

„ „ Brady, 1884, FC. p. 361, pi. 42. figs. 17, 18. 

„ „ Heron- Allen & Earland, 1914-15, FKA. p. 625. 

Very rare. 

78. Textdlaria sagittula, var. fistulosa Brady. 

Textularia sagittula , var. jftstulosa Brady, 1884, FC. p. 362, pi. 42. figs. 19-22. 
„ „ „ Millett, 1898, etc., FM. 1899, p. 661, pi. 7. 

fig. 9. 

■ Also rare and small. 

79. Textdlaria rugosa (Reuse). 

Plecanium rugosum lleuss, 1869, FOG. p. 453, pi. 1. fig. 3. 

Textularia rugosa Brady, 1884, FC. p. 625, pi. 42. figs. 23, 24. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 625, pi. 47. 

figs. 7-9. 

Large, but not very strongly marked. 

80. Textdlaria agglutinans <T Orbigny. 

Textularia agglutinans d’Orbigny, 1839, FC. p. 144, pi. 1. figs. 17, 18, 32-34. 
„ „ Brady, 1884, FC. p. 363, pi. 43. figs. 1-3. 

„ „ Heron- Allen & Earland, 1914-15, FKA. p. 626. 

Abundant and subject to much variation in the direction of irregular 
growth, suggestive of incipient progress towards Haddonia, q. v. 

81. Textdlaria candelana d’ Orbigny. 

Textularia candeiana d’Orbigny, 1839, FC. p. 1 43, pi. 1. figs. 25-27. 

„ ,. Sidebottom, 1904, etc., BFD. 1905, p. 7, pi. 2. fig. 1 . 

„ „ Heron -Allen & Earland, 1914-15, FKA. p. 627, pi. 47. 

figs. 10-16. 

Not uncommon, but not very strongly developed or typical. 

82. Textdlaria abbbeviata d’Orbigny. 

Textularia abbreviata d’Orbigny, 1846, FFV. p. 249, pi. 15. figs. 9-12 (not 
7-12). 

„ agglutinans, var. abbreviata Parker & Jones, 1865, NAAF. p. 369, 
pi. 17. fig. 76. 

„ abbreviata Heron-Alien Sc Earland, 1932, T.N. p. 120. 

One large stoutly built specimen. 

83. Textularia gramrn <? Orbigny, 

Textularia gramtn d’Orbijjny, 1846, FFV. p. 248, pi, 15, figs. 4-6. 

„ „ Brady, 1884, FC. p. 305, pi. 43. figs. 9, 10. 

„ „ Heron- Alien A Earland, 1914-15, FKA, p, 627. 
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Common, and exhibiting the same tendency to Haddonia-f ormation as 
T. agglutinans. 

84. Textularia oonioa d ’ Orbigny . 

Textularia eoniea d’Orbigny, 1839, FC. p. 143, pi. 1. figs. 19, 20. 

„ „ Brady, 1884, FC. p. 365, pi. 43. figs. 13, 14; pi. 113. fig. 1. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 629. 

Common. 

85. Textularia cohica, var. .jugosa Jones Millett. 

Textularia sagittula, var. jugosa Jones ; Millett, 1898, etc., FM. 1899, p. 561, 

pi. 7. fig. 8. 

A few small specimens comparable with Millett's figure (ut svpra), which 
appears to us to be referable to T. conica rather than to T. sagiltula. 

Vebneuilina d’Orbigny. 

86. Vebneuilina spinulosa Reuse. 

Verneuilinu ejnnulosa Reuse, 1849-50, FOT. p. 374, pi. 2. (47) fig. 12. 

„ Brady, 1 884, FC. p. 384, pi. 47. figs. 1-3. 

„ „ Heron-Alien & Earland, 1914-15. FKA. p. 630. 

Not uncommon. All the specimens arc of the broad heavy typo, destitute 
of spines. 

87. Vebneuilina polystropha ( Reuse ). 

Bulimina polystropha Reuse, 1845-46, VBK. pt. 2, p. 109, pi. 24. fig. 53. 
Verneailina ., Brady, 1884, FC. p. 386, pi. 47. fig. 9. 

„ „ Heron-Alleu & Earland, 1929, YP. (passim). 

Minute and very rare. 

88. Vebneuilina propinqua Brady. 

Verneuilina propinqua Brady, 1884, FC. p. 387, pi. 47. figs. 8-12 (not 13, 14). 
„ „ Cushman, 1910, etc., FNl*. 1911, p. 56, fig. 92. 

A single minute but typical specimen. 

Tritaxia Reuse. 

89. Tritaxia lepida Brady . 

Tritaxia Ispida Brady, 1879, etc., RltC. 1881, p. 55. 

„ „ Brady, 1884, FC. p. 389, pi. 49. fig. 12. 

„ „ Millett, 1898, etc., FM. 1900, p. 12, pi. 1. fig. 15. 

Frequent. 

Pavonina d’Orbigny. 

90. Pavonina flabelliformis d’Orbigny. 

Pavonina Jtabellifdrmie d’Orbigny, TMC. p. 260, no. 1, pi. 10. figs. 10, 11; 
Module, no. 56. 
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Pavonina flabdliform.it Brady, 1884, FC. p. 874, pi. 45. figs. 17-21. 

» „ Heron-Alien & Earland, 1914-15, FKA. p. 632, 

pi. 48. figs. 1-6. 

One broken specimen whidi, when perfect, mast have been of very large 
size. 


Spiropleota Ehrenberg. 

91. SriROPLECTA BXFORMis ( Parker 4* Jones). 

Tertularia agglutinans, var. biformis Farker & Jones, 1865, NAAF. p. 370, 

pi. 15. figs. 23, 24. 

Spiroplecla biformis Brady, 1884, FC. p. 376, p. 45. figs. 25 -27. 

,, „ Heron- Allen & Earland, 1914-15, FKA. p. 634. 

One typical specimen. 

GAUDRYINA d’Orbigny. 

92. Gaudryina scabba Brady. 

Gaudryina tcabra Brady, 1884, FC. p. 381, pi. 12. fig. 5. 

,, „ Heron-Alien & Earland, 1014-15, FKA. p. 636, pi. 48. 

figs. 7-14. 

Bare. The specimens are small, but compare in all respects with those 
fignsed by ns («< supra). We there suggested that they might be multiform 
variations of Verneuilina polystropha, and the Lord Howe specimens confirm 
that view. 

93. Gaudryina rugosa ( d'.Orbigny ). 

Gaudryina rugosa d'Orbigny, 1840, CBP. p. 44, pi. 4. figs. 20, 21. 

„ „ Brady, 1884, FC. p. 381, pi. 46. figs. 14-16. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 635; 1922, 

TN. p. 122. 

Very common and finely developed. As in the New Zealand area, two 
distinct types occur, to which we have called attention in our ‘Terra Nova' 
Report (ut supra), one long and the other short. 

Subfamily Buliminina:. 

Bulimina d’Orbigny. 

94. Bulimina elegantishma d’Orbigny. (PI. 85. figs. 23, 24.) 

Bulimina elegantissbma d’Orbigny, 1839, FAM. p. 51, pL 7. figs. 13, 14. 

» „ Brady, 1884, FC. p. 402, pL 50. figs. 20-22. 

.» „ Heron-Allsn A Earland, 1914-15, FKA. p. 639. 

Bare, but characteristic, and an inierestai^g series j two specimens exhi- 
biting budding-off tests, of one atid two chambers respectively, precisely 
similar to these figured % Her(M>4dkm (1915, BPf), and by Sklebottora 
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under the type-species B. elegantissima (S. 1904, etc., RFD. 1905, p. 11, 
pi. 2. figs. 7-12), also a specimen in which the terminal septal face and 
terminal septa have been absorbed. 

95. Bulimina Williamson ian a Brady. 

BuUmina williamsoniana Brady, 1884, FC. p. 408, pi. 51. figs. 16, 17. 

„ „ Millett, 1898, etc., FM. 1900, p. 279, pi. 2. fig. 8. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 641. 

One very minute specimen. 

Bolivina d'Orbigny . 

96. Bolivina punctata d'Orbigny. 

Bolivina punctata d’Orbigny, 1839, FAM. p. 63, pi. 8. figs. 10-12. 

„ „ Brady, 1884, FC. p. 417, pi. 52. figB. lfc>, 19. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 644. 

Common, but rather weakly developed. 

97. Bolivina textilarioidks Reus s. 

Bolivina textilarioides Keuss, 1862, NHG. p. 81, pi. 10. fig. 1. 

„ , ; Brady, 1884, FC. p. 419, pi. 52. figs. 23 -25. 

„ „ Heron- Allen & Earland, 1914-15, FKA. p. 645. 

Hare and small. A variety also occurs in greater numbers, characterized 
by a broad compressed shell with rounded aboral extremity, five or six pairs 
of chambers, separated by strongly limbate sutural lines. The parallel 
arrangement of these lines indicates its affinity to B. textilarioides , but it differs 
considerably from the type. The form is not infrequent in tropical shallow- 
water gatherings. 

98. Bolivina dilatata Reuss. 

Bolivina dilatata Beuss, 1849-50, FOT. p. 381, pi. 3. (48) fig. 15. 

„ „ Brady, 1884, FC. p. 418, pi. 52. figs. 20, 21. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 645. 

Bare and far from typical. 

99. Bolivina tortuosa Brady . 

Bolivina tortuosa Brady, 1884, FC. p. 420, pi. 52. figs. 31-34. 

„ „ Heron-Alien & Earland, 1913, CI.p. 66, pi. 5. fig. 1 j 1914-15, 

FKA. p.645. 

Large and well-developed, but rare. 

100. Bolivina robubta Brady . 

Bolivina robusta Brady, 1884, FC. p, 421, pi. 53. figs. 7-9. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 646. 

One very small but otherwise typical specimen 
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101. Bolivina limbata Brady . 

Botivina limbata Brady, 1884, FC. p. 419, pi. 62. figs. 26-28 
„ „ Heron-Alien & Earland, 1913, CJ. p. 67, pi. 6. figs. 2, 3 ; 

1914-16, FKA. p. 646, pi. 50. figs. 1-4. 

Bare, but large and well-developed. Most of the specimens are bifarine 
in their later development. 

102. Bolivina limbata, var. abbrkviata, nov. (PI. 36. figs. 25-27.) 

Test compressed, consisting of 4 to 7 pairs of chambers with rounded 
marginal edges, licaVily limbate but with flush sutures. Aboral extremity 
rounded. The shell reaches its maximum breadth at about the third pair of 
chambers, and therefore the sides aie almost parallel. Aperture large, 
extending over the septal face of the final chamber. Surface of the chambers 
prominently perforate between the clear sutural lines. 

This is a very easily recognized little form, and not uncommon in shallow- 
water tropical gatherings. It may represent an in tei mediate type between 
B. textilarioides (which it resembles in the straight sutural lines, almost 
vertical to the long axis) and the typical //. limbata. It never, so lar as \\e 
have observed, has that tendency to develop a bifarine terminal portion so 
characteristic of the latter species. 

103. Bolivina variabilis ( Williamson). 

Textulana variabilut (frypica) Williamson, 1858, liFGB.p. 76, pi. 0. figs. 162, 

163. 

Bolivina ,, Heron-Alien & Earland, 1914 15, FKA. p. 047. 

4 

The most typical Holivina of the gathering, frequent, well-developed, and 
exhibiting a considerable rauge m the extent of the surface-markings. 

104. Bolivina plioata d’OrlAgm/. 

Bolivina plica ta d’Orbigny, 1830, FAM. p. (12, pi. 8. figs. 4-7. 

„ Goes, 1894, ASF. p. 51, pi. 0. figs. 487, 488. 

Two specimens, very strongly marked. 

105. Bolivina inflata Heron- Allen if Earland. 

Bolivina inflata Heron-Alien & Earland, 1013, Cl. p. 68, pL 4. figs. 16-10 ; 
1916, F.W.H. p. 240. 

Not uncommon and quite typical. 

Sub-family Oassidulininjb. 

CassidUUSA d’Orbigny. 

106. Casbidulina obabsa d ’ Orbigny . 

Camdulina eraeta d’Orbigny, 1889, FAM. p. 56, pi 7. figs. 18-30. 
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Oassidulina cvassa Brady, 1884, FC. p. 429, pi. 54. figs. 4, 5. 

„ „ Ou8hmau, 1910, etc., FNP. 1911, p. 97, fig. 151. 

llare and very small. 

107. Oassidulina subglobosa Brady . 

Oassidulina subglobosa Brady, 1884, FC. p. 430, pi. 54. fig. 17. 

„ „ Cushman, 1910, etc., FNP, 1911, p. 98, fig. 152. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 852. 

Frequent, occurring in two distinct forms, one very small and hyaline, the 
other much larger (up to three times the size) and with a matt surface. 
The second form presents the same external characteristics even in the 
immature condition, and we are unable to offer any explanation of this 
condition. They are not dead or eroded shells. 

108. Cassidilina (Ohthoplecta) clavata Brady. 

Oassidulina ( Orthoplecta ) clavata Hrady, 1884, FC. p 432, pi. 113. fig. 9. 

„ „ „ Chapman, 1901, FFA. (1902) p. 402 (list), 

no. 114. 

„ „ ,, Heron-Alien & Earland, 1914-15, FKA. 

p. 654, pi. 50. figs. 21, 22. 

One small specimen of this very rare shallow-water tropical type. 

Ehkenbergina Reuss. 

109. Ehbenbekgina serbata Reuss. 

Ekrenbergina serrata Keuss, 1849-50, FOT. p. 377, pi. 48. fig. 7. 

„ „ Cushman, 1910, etc., FNP. 1911, p. 101, tig. 155. 

„ „ Heron- Allen & Earland, 1922, TN. p. 140. 

Rare. The specimens are small, with extremely pronounced, raised, 
limbate sutures. Immature specimens are hardly distinguishable from the 
figure of Cassidulina elegans Sidebottom (S. 1910, J. Quekett Micr. Cl. 
ser. 2, vol. xi. p. 106, pi. 4. fig. 1), to which, perhaps, we should have 
ascribed them in the absence of the mature and more typical individuals. 

Family LAGENIDiE. 

Sub-family Laqenina;. 

Lagena Walker § Boys . 

110. Lagsna LINEATA ( Williamson ). 

Entosolenia Unsata Williamson, 1848, BSGL. p. 18, pi. 2. fig. 18. 

Lagsna ,* Brady, 1884, FC. p. 461, pi. 57. fig. 13. 

„ „ jfferon-Allen A Earland, 1914-15, FKA. p. 658. 

One typical specimen. 
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111. Lagkna squamosa (Montagu). 

Vermicuhim squamosum Montagu, 1803, TB. p. 526, pi. 14. fig. 2. 

Lagma squamosa Cushman, 1910, etc., FNP. 1913, p. 16, pi. 6. fig. 1. 

„ „ Heron-Alien ft Earland, 1922, TN. p. 151, pi. vi. figs. 1, 2. 

One abnormal, thick-shelled, and weakly marked individual. 

112. Lagkna lae vis (Montagu). 

Vermiculum lave Montagu, 1803, TB. p. 524. 

Lagma lams Williamson, 1848, BSGL. p. 12, pi. 1. figs. 1, 2. 

„ „ Brady, 1884, FC. p. 455, pi. 56. figs. 7-14, 30. 

One abnormal specimen, the aboral half of which is very irregularly 
formed. 

113. Lagkna laviuata (Reuse). 

Fissurina laevigata Reuse, 1849-50, EOT. p. 366, pi. 1. (46) fig. 1. 

Lagtna „ Brady, 1884, FC. p. 473, pi. 114. fig. 8. 

„ „ Heron-Alien ft Eorland, 1914-15, FKA. p. 661. 

One specimen with n hooded aperture resembling Sidebottoni’s fig. 7 on 
pi. 17 (S. 1912, LSP. p. 400), which he considers to be allied to L. mil- 
lettii Chaster (C. 1892, FS. p. 61, pi. 1. fig. 10). The Lord Howe specimen 
has a normal aboral base. A good many small specimens also of the 
typical form. 

114. Lagkna annkctbns Burrows § Holland. 

Lagma annectens Burrows & Holland, in J., 1’., & B. 1866, etc., MFC. 1895, 
p. 2Q3, pi. 7. fig. 11. 

„ „ Heron-Alien & Earland, 1922, TN. p. 155. 

One small weak specimen. 

115. Lagkna marginata ( Walker $ Boys). 

Ssrpula (Lagtna) marginata Walker ft Boys, 1784, TMB. p. 2, pi. 1. fig. 7. 
Lagma marginata Brady, 1884, FC. p. 476, pi. 59. figs. 21-23. 

„ „ Heron- Allen ft Earland, 1914-15, FKA. p. 663. 

Many small fully marginated specimens. 

116. Lagkna bioarinata (Terquem). 

Fissurina bioarinata Terquem, 1882, FEP. p. 31, pi. 1. (9) fig. 24. 

Lagtna „ Millett, 1895, etc., FM. 1901, p. 624, pi. 14. fig, 13. 

„ „ Heron-Alien ft Earland, 1914-15, FKA. p. 665.' 

One minute specimen. 

117. Laoena clathrata Brady . ] 

Lagma datkrata Brady, 1884, p. 485, pi. 6&£g. 4. / 

„ eron-ABep ft Eirland, 1913, CL p. 99, pi. . . 

One very feebly costate specimen. ' - ■' 
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Sub-family Nodosariin®. 

Frondicularta Dtfranre. 

118. Frondioulaiua scottii Ileron-Allen Earland. (1*1. 36. figs. 28, 29.) 

Frondiculai-ia scoltii Heron-Alien & Kurland, 1922. TN. p. 175, pi. 6. 
fig*. 30-82. 

One small and feeble example which we have no hesitation in ascribing 
to this species. It lucks the longitudinal grooves and decorations of the 
type, but it has the same truncate edges and thick shell-wall, which obscures 
the internal structure. This is brought out by wetting the specimen. The 
occurrence of this individual in a shore sand is very noteworthy: it is 
practically identical in size with the paupernte specimen Irom llaine Island, 
recorded by us nt supra, but is even weaker, ha>ing no limhation of the 
sutural lines. We figure both the Lord Howe and Ranie Island specimens. 


Cristellaria Lamarck. 

119. Cristellaria kotulata (Lamarcl). 

LtnUculite * rotulata l-araarck, 1804, AM. p. 18S, no. 3; 1830, EM. p. 330, 
pi. 406. fig. 5. 

Cristellaria „ Brady, 1881, Ft!, p. 5J7, pi. 49. fig. 13. 

„ „ Heron- Allen & Kurland, 1914 15, FKA. p. 671. 

Rare and rather small, but typical. 


120. Cristellaria oirba d’Orbigny. 

Cristellaria gibha , d’Orbigny, 1889, Ft', p. 40, pi. 7. figs. 20, 21. 

„ „ Brady, 1884, Ft', p. 546, pi. 6!). figs. 8, 9. 

„ „ Cushman, 1910, etc., FNP. 1913, p. 69, pi. 35. fig. 1. 

One weak specimen. 


Sub-family P o l y m o k p h r n i n .e. 

Polymorphic d’Orbigny. 

121. Polymorph i n a communis d’Orbigny. 

1‘olgm.oiphina (Outtulina) communis d’Orbigny, 1820, TMC. p. 266, 
nos. 14, 15, pi. 12. figs. 1-4; Modules, nos. 61, 62. 
„ communis Brady, 1884, FC. p. 608, pi. 72. fig. 19. 

„ „ Heron-Alien & Karland, 1914-15, FKA. p. 673. 

A single small specimen. 

122. PolyMOBPHINA pboblkma d’Orbigny. 

Polymorphism (Quttvllim) problma d'Orbiguy, 1 826, TMC. p. 266, no. 14 ; 
Module, no. 61, 
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Polymorphina problema Brady, 1884, FO. p. 568, pi. 72. fig. 20; pi. 73, 
fig. 1. 

„ „ Heron-Alien & Karland, 1922, TN. p. 182. 

A single small specimen. 

123. Polymorphina Regina Brady, Parker, 4 Jones. 

Polymorphina reyma Brady, Palter, & Jones, 1870, GP. p. 241, pi. 41. fig. 32. 
,. Brady, 1884, FC. p. 571, pi. 73. figs. 11-13. 

„ Cushman, 1910, etc.,FNP. 1913, p. 91, pL41. figs. G, 7. 
One Yen' large broken specimen and one of normal size. 

Uvioerina d’Orhigny. 

124. Uvioerina pygmasa JOrUgny. 

Uviyerim pygmcea d’Orbignj, 1820, TMC. p. 269, pi 12. figs. 8, 9; Module, 
no, 07. 

„ ,. Brady, 1884. FC. p.575, pi. 74. figs. 11, 12. 

„ „ Heron-Alien & Eailand, 1914-15, FKA. p. 073 

Three rather small specimens with ver) strong costation. 

125. Ovigerina pourecta Brady. 

Uvigerina yorrteta Biady, 1879, etc., UKC. 1879, p. 274, pi. 8. figs. 15, 10. 

„ „ Brady, 1884, FC. p. 577, pi. 74. figs. 21-23. 

„ ,. Heiou-AUen & Karland, 1914-15, FKA. p. 073. 

Freqnent anti typical. 

126. Uvigbkina SKi.HEYENSis Heron- Allen 4 Ear land. 

Uvigerina selsfyensis Heron-Alien & Karland, 1908, elo., 8B. 1909, p. 437, 
pi. 18. figs. 1-3. 

„ ,. Cushman, 1910, etc., FNP. 1913, p. 93, pi. 42. fig. 3. 

Several specimens resembling the Eocene fossils recorded by ns ( ut supra), 
in the shape and arrangement of the chambers, but with a rough, ieebly 
hispid or striate surface. 

127. Uvigerina angulosa Williamson, 

Uvigerina angulosa Williamson, 1858, RFGB. p. 67, pi. 5. fig. 140. 

„ „ Brady, 1884, FC. p. 370, pi. 74. figs. 16-18. 

„ „ Heron-Allen & Karland, 1914-15, FKA. p. 676. 

Freqnent and large. Two separate forms occur, one very long, the other 
short and rapidly increasing in breadth. 

Sagrina Parker 4 Jones. 

128. Sagrina colvmellaris Brady. 

Sagrina eobmeVarui Brady, 1884, FO. p 681, pL 75. figs. 15-17. 

„ „ Cushman, 1910, etc., FNP. 1918, p. 104, pi. 47. figs. 2* 8. 

„ » Heron-AUaa & Karland, 1914-15, FKA. p. 876, 

Bare, but typical. 
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129. Sagrina RAPHANU8 Parker § Jones . 

Uvigerina ( Sagrina ) raphanus Parker & Jones, 1865, NAAF. p. 364, pi. 18. 

figs. 16, 17. 

Sagrina raphanus Brady, 1884, FC. p. 585, pi. 75. figs. 21-24. 

„ „ Heron- Allen & Earland, 1914-15, FKA. p. 677. 

Rare, large, of the entosolenian type. 

Sub-family Ram u lining. 

Ramulina Rupert Jones . 

130. Ramulina ghimaldii Sehlumberger . (PI. 36. fig. 32.) 

Ramulina grimaldii Sehlumberger, 1891, Mem. Soc. Zool. France, vol. iv. 
pp. 509 511, pi. 5. 

Ramulina ? Heron- Allen & Earland, 1922, TN. p. 187, text-fig. 

The occurrence in this material of a specimen practically identical in 
formation with the one recorded by us (at supra) from New Zealand seems to 
render it. necessary to give it a specific name, a task which we have hitherto 
avoided. Rather than make a new species on such insufficient material, we 
have decided to use Schlumberger's name. The organism described and 
figured by Flint as li. proteifornus (F. 1899, RKA. p. 321, pi. 08. fig. 7) 
appears to he a simpler form of the same kind and possibly identical with 
Schlumberger’s spccios. 

Family GLOBTGERLN1D.E. 

Globigerina d’Orbigny. 

131. Globigertna bttlloides ( VOrbiany . 

Globigwina bidloidrs d'Orbigny, 1826, TMC. p. 277, no. 1 ; Modcles, nos. 17, 76. 
„ Brady, 1884, FC. p. 593, pis. 77 & 79. figs. 3-7. 

„ , Heron- Allen & Earland, 1914-15, FKA. p. 678. 

The specimens are small and few in number. 

132. Globigerina triloba Reass. 

Glolriget'ina triloba Reuss, 1849-50, FOT. p. 374, pi. 2. (47) fig. 1 J. 

. „ „ Brady, 1884. FC. p. 595, pi. 79. figs. 1,2; pi. 81. figs. 2, 3. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 678. 

More frequent, larger, and better developed than G . Imlloides . 

133. Globigerina crktacea, var. eggeri Heron- Allen $ Earland. 

Globigerina oretacea , var. tggeri Heron-Alleu & Earland, 1922, TN. p. 188, 

pi. 7. figs. 6-8, 


Two small but typical individuals, 
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134. Globiguuna rubra d'Orbigny. 

Ohbigertna rubra d’Orbigny, 1889, FC. p. 82, pi. 4. figs. 12-14. 
j, „ Brady, 1884, FC. p. 002, pi. 79. figs. 11-16. 

„ „ Heron-Alien & Earland, 1914-16, FKA. p. 679. 

Largs and not infrequent, but devoid of the characteristic colouring. 


Family ItOTALlIDJS. 

Subfamily Si* irillininal 

Spirillina Lhrenhery. 

135. Spirillina MMPARA Ehrtnhetg. 

Spirillum vimpara Ehrenberg, 1841, SNA. p. 442, pi. 8 fig, 41. 

„ „ Biady, 1884, FC. p 010, pi. 85. figs. 1-6. 

„ ,. Heron-Alien & Earland, 1914-15, FKA. p. 688, pi. 51. 

figs. 19-28. 

Frequent, and presenting the usual wide range of breadth of tube and 
number of convolutions. 


136. Spirillina dim bata Brady. 

Spirillina limbaia Brady, 1879, HRQ p. 278, pi. 8. fig. 20. 

„ „ Heron-Alltn &. Earland, 1014 15, FKA. p. 08 1 . 

Bare and not large, but otherwise characteristic. 

137. Spirillina dboobata Brady. 

Spirillina decorata Brady, 1884, FC. p. 088, pi. 85. figs. 22-25. 

„ „ Heron-Alien A Earland, 1014-15, FKA. p. 085. 

Very rare and small. 

138. Spirillina DBOOBATA, var. CNILATEUA Chapman. 

Spirillina decorata, var. unilatrra Chapman, 1901, etc., FFA. 1902, p. 410, 

pi. 30. fig. 17. 

A single specimen, exactly resembling Chapman's figure. 

139. Spirillina campanula, sp. nov. (PL 36 . figs. 33-41.) 

Test minute, thin-wolled, free or sessile, campanulnte or bell-shaped, but 
more or less laterally compressed, the apex of the bell obtusely rounded. 
The exterior surface of the test, viewed as an opaque object, is dull, and the 
sntaral lines are flush and oiily visible as internal markings. Viewed as a 
transparent object under a high power, the surface is slightly rough or scaly, 
nnd the interior of the bell is filled almost to the rim with an un septate tube, 
which, starting from a rather largo prolocoium occupying the apex of tho 
hell, is coiled in 3-5 convolutions round a solid oentral axis or columella. 
Viewed from the ba«e of the bell, the umbilicus is solid, smooth, and rather 
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M. 1808-10, CS. D. dx Montfout,— O oncbyliologi® Systdmatique etc., 2 tols. Peris, 
1808-10. 

M. 1898, etc., FM. F. W. Mii.lrtt.— -R eport - on the Recent Foraminifera of the Malay 
Archipelago contained in Anchor-Mud, collected by Mr. A. Durrand, 
F.R.M.S. J. R. Micr. Soc. 1898-1904. 

d’O. 1820, TMO. A. D. d’Oubigny. — T ableau Mlthodiq le de la Classe dea Cdpbalopodes. 

Ann. Sci. Nat. (Pari<0, vol. vii. pp. 245*314, pis. 10-17. 
d’O. 1820 (Modules). A. 1). d’Orbiuny. — M od&los de CSphalopodcs Microscopiques vivanta 
et fossiles. Paris, 1820 (2nd i*su«, with new Catalogue, 1643). 
d'O. 1839, FC. A. D. d'Orbiuny. — F ornniini frros. In 11. de la Sagra: Hist. Phys. Pol. et 
Nat. de Pile de Cuba. Text, 8vo, plates, fol. Paris, 1889. 
d’O. 1839, FAM. A. D. n’OnnraxY. — Voyage dans l’Anierique Mdridionale, vol. v. pt. 5. 
ForaminifereH. Pari®, 1839. 

d’O. 1839, FIC. A. D. d’Orbiony. — K oraminiferes. In Barker- Webb & Berthelot, Hist. 

Nat. des Ties Canaries, vol. ii. pt. 2, pp. 1 19-140, 3 pis. Paris, 1839. 
d’O. 1840, CBP. A. 1). D’OnmGNY.-* Mtfmoire surles Fora in ini feres de la Craie Blanche 
du Bassin de Paris. M6m. Soc. (Idol. France, vol. iv. pp. Pol, pis. 1-4, 
d’O. 1 840, FFV. A . 1 ). n ’O rb tony. — F orain ini feres Fossiles du Bassin Tertiaire de Vienne. 
4to, 21 plates. Paris, 1840. 

d’O. 1850, etc., PP. A, P. p’Oubigny. — P rodrome de Poleontologie stratigrapbique 
unhersclle des Aniniaux mollusques et rajonnes. Paris. Vol. i. 1849; 
vol. ii. 1850; \ol. iii. 1852. 

P. 1858, MTS. W. K. Parker. — On the Miliolitidie of the. East Indian Seas. Pt. i. 

Milwla . Trans. Micr. Soc. Loud., n. s., vol. vi. pp. 53 59, pi. 5 k tigs. 

P. & J. 1859, etc., NF. W. K. Parker, T. 11. Jonkh, and others.— On the Nomenclature 
of the Foraminifera. Ann. & Mag. Nat. Hist. 1859 to 1872. Pts. 1 16. 
P. & J. J865, NAAF. W. K. Parker & T. It. Jonkh.— O n some Foraminifera from the 
North Atlantic and Arctic Oceans, etc. Phil. Trans. Roy. Soc. (London), 
vol. civ. pp. 325-441, pis. 12-19. 

R. 1819 50, FOT. A. E. Rettss. Neue Foraminiferen aus der Schichten des oesterreich- 
ischenTertiarbeckons: Penkbchr. Math. Nat. Kl. d. k. Ak. Wins. Wien, 
vol. i. 1850, pp. 385 390, pis. 45-51 *. 

II. 1845-40, VBK. A. E. Rkuss. — D ie Versteinenmgeii der bdhmischon Kriedcformation 
Stuttgart, 4to, 1845-40. 

It. 1862, NIIG. A. E. Rkuss. — P ie Foraminiferen des Norddeutschen Ilils und Gault. 

Sitzb. Ak. Wiss. Wien, vol. xlvi. Abtb. i. (1803), pp. 5 100, pis. 1-13. 
R. 1800, FABS. A, E. Kkusb. — D io Foraminiferen, Anthozoen. und Bryozoen des 
Deut&ehen Septnrienthones. Penkscbr. Ak. Wiss. Wien, vol. xxv, 
(1805), pp. 117-214, pis. 1 11. 

It. 1809, FOG. A. E. Rkfss. — Zur FosRile Fauna der Oligocansobicliten von Gaas. Sitzb. 

Ak. Wiss. Wien, vol. lv. Abth. i. pp. 17 -182, pis. 1 8. 

R. 1906, FLC. L. RHUMTHiER — Foraminiferen von Laysan und den Chatham Inseln. 

Spengel’s Zoologischer Jahrbucher, vol. xxiv. pt. i. pp. 21-80, pis, 1-5. 

8. 1854, OP. M. S. Scuultzb. — U eber den Organismus der Pol>thalamien (Foraminiferen) 
nebst Bemerkungon uber die lthizopoden in Allgemeinen. Leipzig, 
1854. 


* This paper is variously referred to as being dated 1849 and I860, It was read in May 
1849, and all the separate copies were dated on a special title-page 1849, but the volume of 
which it forms part was issued in I860, and is so dated. 
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J& MQ8, SON. 0. FosNAsntL^Illtutmiosd di Specie Orbignyone di Nodosaridi, etc., 
istituite nel 1826. Mem. Ac. Sci. 1st Bologna, ser. 6, voL 7. pp. 41-64. 
G, 1682, BROS. A. GoJfo— On the Reticalsriea Rhizopoda of the Caribbean Sea. K. 

Svenska Vet-Ak. IlhudL voL xix, no. 4 (Stockholm, 1882), pp. 1-151, 
pis. 1-12. 

G, 1804, ASF. A. Gojto. — A Synopsis of the Arctic and Scandinavian recent Marine 
Foraminifera hitherto discovered. K. Svenska Vet.-Ak. HandL (Stock- 
holm), vol. xxv. no. 9. 

G. 1896, DOA. A. Goka. — Reports on the Dredging Operations carried on by theU.S. 

F.-O.S. 1 Albatross/ etc. Boll. Mus. Comp. Zool. Harvard, vol. xxix. 
no. 1. Cambridge, Mass., 1896. 

G. 1906, FLL. G. C. Gough. — The Foraminifera of Lame Lough and District. Dep. of 

Agriculture, etc. Fisheries, Ireland, Sci. Invest. 1905, no. 3 (1906). 

H. -A. A & 1908, etc., SB. E. Heron- Allan & A. Earl and. — The Recent and Fossil 

For&miuifera of the Shore Sands at Selsey Bill, Sussex. Joum. R. 
Micr. Soc. 1908, pp. 529 543; 1909, pp. 306-358, 422-440, 677-698; 
1910, pp. 401-426, 093 -095 ; 191 1, pp. 298-343, 436-448. 

H.-A. & K. 1913, Cl. E. Hkron-Allkn Sc A. Earland.— C lare Island Survey, pt. 64. 

Foraminifera. Proc. R. Irish Academy, vol. xxxi. pt. 04. 

H.-A. Sc E. 1914, FKA. E. Heron- Allen A A. Earland.— On the Foraminifera of the 
Kerimba Archipelago, etc. Trans. Zool. Soc. London, vol. xx. pt. i. 
pp. 303-390, pis. 35 37 ; vol. xx. pt. ii. pp. 643-791, pis. 40 43. 

H.-A. 1915, UPF. E. IIkron-Allin. — C ontributions to the Study of the Bionomics and 
Reproductive Processes of tho Foraminifera. Phil. Trans. Roy. Soc. 
(London) B, vol. cc\i. 1915, pp. 227-279, pis. 13-18. 

H.-A. & E. 1910, F WS. E. Hkron-Allkn Sc A. EARLAND.—Foraminifera of the West 
Coast of Scotland. Trans. Linn. Soc. London, ser. 2 (Zoology), vol. xi. 
pp. 197-300, pis. 39-43. 

II.- A. Sc E. 1922, TN. E. IIbkon-Allkn Sc A. Earland.— British Antarctic (‘Terra 
Nova ') Exp. 1910, Zoology, vol. vi. No. 2, Protozoa, Pt. ii. Foraminifera, 
pp. 25-284, pis. 1- 8. British Museum (Nat. Hist.). 

H.-A. A E. 1922, FGA. E. IIeron-Allkn & A. Earland. — Foraminif&res des Sables 
Rouges du Golfe d’Ajaccio. Bull. Soc. Sci. Hist, et Nat. de la Corse. 
Bastia (Corsica), pp. 109-149, pis. 1, 2 (numbered 2, 1). 

J. & P. 1860, RFM. T. Rupert Jonks & W. K. Parker. — On the Rhizopodal Fauna of 
the Mediterranean compared with that of the Italian and some other 
Tertiary Deposits. Q. Joum. Geol. Soc. vol. xvi. pp. 292-307, and table. 

J. , I\, A B. 1806, etc., MFC. T. R. Jonks, W. K. Farkkr, 11. B. Brady (and others).— 

A Monograph of the Foraminifera of the Crag. London, 1866-1897, 
(Fataontographical Soc.), pt. i. 1866; pt.ii. 1895; pt. iii. 1896; pt. ir. 
!897. 

K. 1867, FO. F. Karrer.— Zur Foraminiferenfauna in Oalerreich. Sitz. Ak. Wiss. Wien, 

vol. Iv. Abth. i. pp. 331-368, pis. 1-3. 

K. 1868, MFKB. F. Karrrb.— D ie Miocene Foraminiforenfanna von Kostej im Banat. 

Ibid. vol. lviii. Abth. i. pp. 111-193, pis. 1-5. 

L, 1767-1788, SN. C. von Linn*. Systems Nat nr®. Ed. XII. Leipzig, 1767 ; Ed. XIII. 

(a J. F. Gmelin) Leipzig, 1788-93. 

L. 1804, etc., AM. J. B. DK f Lamarck.— Annales du Muslura (Paris), vol. v. 1804; 
vol. viii. 1806; vol. ix. 1807. 

L. 1880, etc., EM. J. B. db Lamarck.— Encydopddie Mdthodique. “ Vera/’ vol ii. 1830. 

M. 1808, TB. G. Montagu. — Testacea Britannica, or Natural History of British Shells, 

In 3 vols. 4to, London, 1808, Supplement (Plates), 1808, 
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B. 1884, FC. H. B. Brady. — Scientific Results of the Voyage of H.M.S, 'Challenger * 

(Zoology), vol. ix. Report on the Foraminifera. 2 vols. 4to. Text and 
Plates, London, 1884. 

13. A W. 1888, DTS. F. P. Balk will & J. Weight. — R eport on some Reeent Fora* 
minifora found off the Coast of Dublin and in the Irish Sea, Trans. Roy. 
Irish Acad. vol. xxviii. (Science), pp. 317-868, pie. 12-14, 

C. 1856, etc,, RF. W. 13. Carpenter. — Researches on the Foraminifera. Phil. Trans, 

Roy. Hoc. pt. i. 1856, elvi. pp. 1812-86; pt. ii. ibid. pp. 847-566; pt. iii. 
1859, vol. cxlix. pp. 1 41 ; pt. iv. 1860, pp. 585- 594. 

C. P. & J, 1862, ISF. W. B. Carpenter, W. K. Parker, & T. tt. Jonhs. — Introduction 
to the Study of the Foraminifera. London, 1862. (Uay Society.) 

0. 1877, CB. H. J. Carter. — On the Locality of Carpertieria balaniformt s, with Descrip- 
tion of a new Species, etc. Ann. & Mag. Nat. Hist. ser. 4, vol. xix. 
pp. 209-219, pi. 13. 

C. 1880, etc., HUM. If, J. Carter.— Report on Specimens dredged up from the Oulf of 
Manaar. Ann. & Mag. Nat. Ilist. ser. 5, vol. v. pp. 437 -457 ; vol. vi. 
pp. 35-61, 129-156. Supplementary Report. Ibid. vol. vii. pp. 361-885. 
C. 1892, FS. (1. W. CiiAHTKR. — Report upon the Foraminifera of the Southport Society of 
Natural Science District. First Rep. Southport Soc. of Nat. Sci. 1890-91 
(Southport, 1892), pp. 34-72, pi. 1. 

C. 1899, FFA. F. Chapman. — On some New and Interesting Foraminifera from the 
Funafuti Atoll, Ellice Inlands. Journ. Linn. Soc. London (Zoology), 
vol. xxviii. (1902), pp. 1-27. 

C. 1901, FFA. F. Chapman. —On the Foraminifera collected round the Funafuti Atoll 
from shallow and moderately deep water. Journ. Linn. Soc. London 
(Zoology), vol. xxviii. (1902), pp. 379 -4 J 7, pis. 35, 36. 

C. 1907, RFV. F. Chapm an.— R ecent Foraminifera of Victoria; some Littoral Gatherings. 

Journ. Quekett Micr. Club, ser. 2, vol. x. (1909), pp. 117 1 46. 

C. 1909, SXZ. F. Chapman. —Report on the Fommimfera from the Sub-Antarctic Islands 
of New Zealand. In * Sub-Antarctic islands of New Zealand,' Welling- 
ton, N.Z., 1909, pp. 312-371. 

C. 1910, etc., FNP. J. A. Cushman. A Monograph of the Foraminifera of the North 
Pacific Ocean. Smithsonian Inst, U.S. Nat. Mus. Bull. 71, pt. J, 1910; 
pt. 2, 1911; pt. 3, 1913; pi. 4, 1914; pt. 3, 1915; pt. 6, 1917. 

C. 1921, FP. J. A. Cushman. — Fomminifera of the Philippine and adjacent Seas. Bull. 

U.S. Museum, No. lOO, vol. iv. Washington, D.C., 1921. 

D. 1831, CCT. G. P. Dbshaykh. — C oquillcs caract^ristiques des terrains. Paris, 1831. 

E. 1841, SNA. C. G. Ehuhnbkrg. — V erbreitung und Einfluss des mikroscopischen Lebens 

in Slid- und Nord-Amerika. Abh. d. kgl. Ak. d. Wiss. (Berlin), 1843 
(for 1841), pp. 291-446, pis. 1-4, aud Bericht, pp. 139-142, with 
Appendix, pp. 202-209. 

E. 1803, FG. J. G. Egoer.— F oraminiferen aus Meeresgrundprohen, gelothet von 1874 
bis 1876, von S.M.Sch. ‘Gazelle. 1 Abb. d. kgl. baverisch Ak. d. Wise. 
(Munich), ii. Cl. vol. xviii. pt. 2, pp. 195-458, pis. 1-2J. 

E. 1905, FBS. A. Eabland. — The Foraminifera of the Shore Sand at Bognor, Sussex. 

Journ. Quekett Micr. Club, ser. 2, vol. ix. no. 57, pp. 187-232. 

F. & M. 1798, TM. L. von Fichthl & J. P. C. von Moll* — Testacea microscopica etc. 

* Vienna, 1798. 

F. 1899, RFA. J. M. Flint. — R eceufc Foraminifera. A Descriptive Catalogue of Speci- 
mens dredged by the U.S. Fish Commission Steamer ‘ Albatross. 1 
Washington, U.S. A., 1899. 

F. 1908, SOM. C. Fornabini.— Jllustrazione di Specie Orbignyane di Milielidi istituite nel 
1826. Mem. Ac. Sci. 1st. Bologna, ser. 6, vol. ii. pp. 59-70. 
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Common, and presenting all tbe nsoal modifications of biconvexity. Tfce 
specimens are for the most part strongly developed. No specimens of the 
tnbercnlate varieties, so abundant? in some tropical gatherings, were seen. 

197. Amphisteqina lebsonii, var. oibba d’Orbigny. 

Amphigtegina gibba d’Orbigny, 1896, TMC. p. 304, n& 6. 

„ mamtilata d’Orbigny, 1846, FFV. p. 208, pi. 12. figs. 0-8. 

„ leuonii, var. ylbba Heron-Alien & Earland, 1914-15, FKA. 
p. 737. 

This variety is fairly frequent and typical. It is characterized by its 
marked piano-convexity. 

Opbrcclina d’Orbigny. 

198 . Opbrci’lina oomplanata {Iterance). 

Lenticulites eomplauata Defranco, 1822, Diet. Hoi. Nat. voL xxv. p. 453. 
OpercuUna „ d’Orbignv, 1826, TMC. p. 281, no. 1, pi. 4. figs. 7-10 ; 

Models, no. 80. 

„ „ Brady, 1884, PC. p. 143, pi. L12. figs. 3-5, 8. 

„ „ Heron Allen & Kurland,. 1914-15, FJKA. p. 737. 

Extreinoly rare ; represented by two moderate-sized water-worn specimens 
and one very minute individual. The rarity of this form is noteworthy. 

Hetebostruina <r Orbigny. 

199. Ukterostbuina depkbs&a d’ Orbigny. 

HtUroategina depressa d'Orbigny, 1826, TMC. p. 305, pi. 17. figs. 5-7; 
Module, no. 99. 

„ „ Brady, 1881, PC. p. 746, pi. 112. figs. 14-20. 

„ „ Heron-Alien & Kurland, 1914-15, FKA. p. 738. 

Bare, but large and well-developed. 

List of ICoid’s referred to in Abbreviated References in this Report. 

B. 1837, Lft. H. ft, Bbown.— L etliwa Geoguostica. Stuttgart, 1887-8. 

B. 1855, FSH. J. ft. Bobnkmann.— D ie niikroskopiiche Fauna dea Septarienthoues von 
Hermsdorf bei Berlin. Zeitachr. d. Deutsch. geol. Oea. vol. vii. pp. 307- 
371, pis. 12-21. 

B. 1864, RFS. II. 1). Beady. — O n the Rhizopodal Fauna of the Shetland*. Trans. Lina. 
Soc. (London), vol. xxiv. pp. 468 476, pi. 48, 

B. 1870, HTR. ft. S. Beady, 1). Robertson, A II. B. Beady.— The Ostmcoda and 
Foraminilera of Tidal Rivera. Ann. & Mag. Nat. Hist aer. 4, vol. vi. 
pp. 273-306, pit. 11, 12. 

B., P., A J. 1870, GP. II. B. Beady, W. K. Paekeb, & T. R. Jones.— A Monograph of 
the Genua Polymorphina. Trans. Linn. Soc. (London), vol. xxvii 
pp. 197-253, pk 39-42. 

B. 1879, etc., RRO. H. B. Brady.— Reticnlarian Rhizopoda of the ‘ Ohallengei ’ Expe- 
dition. Q. Journ, Micr. Sci. n. a. vol. six. pp. 20-63, pis. 3-5; pp. 261- 
299, pL 8 ; vol. xxi. 1881, pp. 37-71, 
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190. Nonionina umbilioatula { Montag u ). 

Nautilus umbilicatulus Montagu, 1808, TB. p, 191 ; Suppl. p. 78, pL 18. 
fig. 1. 

Nonionina umbiticatula Brady, 1884, FC. p. 726, pL 109. figs. 8, 9. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 780. 

A single small specimen. 

191. Nonionina pauperata Balkwill Sf Wright . 

Nomonina pauperata Balkwill & Wright, 1885, D1S. p. 353, pi. 13. figs. 25, 26. 
„ „ Heron- Allen & Earland, 1908, etc., SB. 1911, p. 342, 

pi. 11. figs. 16, 17; 1914-15, FKA. p. 732. 

Frequent and typical. 

Polystomella Lamarck . 

192. Polystomella striato-punctata ( Fichtel $ Moll). 

Nautilus striato-punetatvs Fichtel & Moll, 1798, TM. p. 61, pi. 9. figs. a-c. 
Polystomella striato-puncUtta Brady, 1884, FC. p. 733, pi. 109. figs. 22, 23. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 733. 

A single small but typical specimen. 

193. Polystomella crispa (Linn£). 

Nautilus crisjms Linno, 1788, p. 3370, no. 3. 

Polystomella crispa Brady, 1884, FC. p. 736, pi. 110. figs. 6. 7. 

„ „ Heron- Allen & Earland, 1914-15, FKA. p. 733. 

Not uncommon, but small and weakly developed. 

194. Polystomella macella (Fichtel Sc Moll). 

Nautilus macellus Fichtel & Moll, 1798. TM. p. 66, pi. 10. figs. e~<j. 
Polystomella macella Brady, 1884, FC. p. 737, pi. 110. figs. 8, 9, 11. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 734. 

Frequent and typical. 

195. Polystomella milletti Heron- Alls w Sc Earland. 

? Polystomella verriculata Millott, 1898, etc., FM. 1904, p. 604, pi. II. fig. 3. 
„ milletti Heron- Allen A Earland, 1914-15, FKA. p. 73 5, pi. 53. 

figs. 38-42. 

A single small and starved but unmistakable specimen. 

Sub-family NnuMULiTiNE. 

Amphistegina d’Orbigny. 

196. Amphistegina lessonii d’Orbiyny. 

Amphistegina lessonii d’Orbigny, 1826, TMC. p. 304, no. 3, pi. 17. figs. 1 4; 
Models, no. 98. 

„ „ Brady, 1884, FC. p. 740, pi. 1 1 1 . figs. 1-7. 

„ „ Heron- Allen A Earland, 1914-15, FKA. p. 736. 
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juxtaposed groups. The finer material provided an abundant supply of 
immature specimens, which when mounted in balsam exhibited a large 
primordial ehamber with chitinous lining* followed by a single coil of about 
twelve globular chambers of gradually increasing size, in one plane. The 
chambers in the convolution are separated by dense, solid shell-substance. 
On completion of rather more than a single convolution, the chambers 
become less spherical and are irregularly heaped over their predecessors as 
in Gypsina . The spinous processes, perforated by secondary canals, are seen 
to originate from a solid layer of shell-substance on the outer wall of the 
primary coil. The general colour of the specimen is much less conspicuous 
than in most “Tinoporus gatherings” which have been examined. The 
species generally gives a yellowish-orange tint to the sands in which it is 
predominant, but the Lord Howe specimens are nearly white. 

The complicated synonymy of this organism is fully discussed in the 
papers quoted above, and in others referred to in those papers. 

POLYTREMA HisSO. 

187. PciLYTHKMA MINlACKDft (Pallas). 

Mill e par a miniacea Pallas, 176ft, Elenchus Zoophytorum, p. 251. 

Poly t remit winiuceum Brady, 1884, FC. p. 721, pi. 100, figs. 5-0; pi. 101. 

tig. 1. 

Heron-Alien & Earland, 1022, TN. p. 221, pi. 8 ; 1022, 
FGA. p. 180, pi. 2 (numbered 1). 

Curiously runs. The specimens call for no particular comment. A few 
specimens of the free early stage were observed. 

188. Polytubma miniaceum, var. alba Carter . 

Polytrema mmiaceuw , var. album Carter, 1877, CB. p. 213, pi. 13. figs. 14, 15. 
„ „ „ alba Brady, 1884, FC. p. 721, pi. 101. figs. 2, 3. 

„ „ „ „ lleron-Allen & Earland, 1922, TN. 226. 

As usual, rarer than the type, but unmistakable. 


Family NUMMULINIDA3. 

Sub-family PoLYfiTOMELLiNA. 

Nonionina (TOrbigny. 

189. Nonionina depressula ( Walker § Jacob). 

Nautilus depressulus Walker & Jacob, 1798, AEM. p. 641, pi. 14. fig. 33. 
Nonionina depressida Brady, 1884, FC. p. 725, pi. 109. figs. 6, 7. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 730. 

Very rare and minute. 
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chambers often running in irregular chains, thick-walled, coarsely perforate, 
bat without exogenous shell-matter, colour inclined to pale red running to 
dirty white. The final chamber of an extended series is often subglobular 
in shape and of large size. 

The first variety suggests Ilolocladina pustulifera Carter (C. 1880, SGM. 
p. 447, pi. 18, figs. 4, a-g) y but lacks the terminal perforation of the spine, 
upon which Carter lays a stress which appears to us to be superfluous. 

183. Gypsina RUBRA {(T Orbigny). 

Planorbulina rubra d'Orbignv, 1826, TMC. p, 280, no. 4. 

„ „ Fornasini, 1908, SON. p. 44, pi. 2. fig. 3. 

i rt/psina „ Heron- Allen & Earland, 1914-15, FKA. p. 725, pi. 53. 

figs. 35-37. 

Many large fragments. The exogenous shell-growth is not so abnormally 
developed as is usually the case in this form. 

184. Gypsina vesicularis ( Parker $ Jones). 

Orbitolina vesicularis Parker & Jones, 1859, etc., NF. I860, p. 31, no. 5. 
Gypsina Brady, 1884, FC. p. 718, pi. 101. figs. 9-12. 

Heron- A lien & Earland, 1914-15, FKA. p. 720. 

A few large water-worn specimens. 

185. Gypsina globum s (Pens*). 

Ceriopora globulus lieuss, 1847, Haidinger’s Naturxv. Abh. vol. ii. p. 33, pi. 5. 
fig. 7. 

Gypsina ,, Brady, 1884, FC. p. 717, pi. 101. fig. 8. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 727. 

Large, but infrequent. 


Baculogypsina Sacco . 

186. Baculogypsina sph^erulata {Parker Jones). (PI. 37. fig. 65.) 

Orbitolina sphmi'ulata Parker & Jones, 1859, etc., NF. 1860, p. 33. 

Tinopoi'u.s hacvlatu8 Carpenter, 1856, etc., RF. 1860, p. 564, pi. 18, figs. 2-6. 

„ „ Brady, 1 884, FC. p. 7J 6, pi. 101. figs. 4-7. 

Baeuloyypeina baculaia Silvestri, 1905, B. p. 69. fig. 2. 

„ sphati'ulatys Cushman, 1921, FP. p. 359, pi. 75. fig. 6. 

Extremely abundant ; attaining large dimensions and exhibiting great 
variety in the number, arrangement, and development of the spines or lobose 
processes. These frequently have a furcate appearance, hut minute exami- 
nation shows that this appearance is due to the close proximity of separate 
processes. Borne of the specimens are almost spherical, and in these, us 
u rule, the processes are short and inconspicuous, though often occurring 
in greater numbers than usual, and occasionally concentrated into closely 



THE FORAJlIHIFEBA OF LORD HOWE ISLAND. 


637 


Very rare. This is the type with the sunken umbilicus and pronounced 
sutures as contrasted with the smooth and rounded type P . micheliniana . 
We have gone into this matter on several occasions, and particularly 
ut supra . 

179. PuLVlNULlNA elegans (d 9 Qrbigny ) . 

Rotalia ( Turbinulina ) elegans d'Orbigny, 182ft, TMC. p. 276, no. 54. 
Pulvinulina elegans Brady, 1884, FC. p. 699, pi. 105, figs. 4-6. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 717. 

One small and broken specimen. 

Rota li a Lamarck . 

180. Rotalia beccarii (Linne). 

Nautilus beccarii Linne, 1767, SN. p. L162; 1788, SN. p. 3370. 

Rotalia (Turbinulina) beccarii d'Orbigny, 1^26, TMC. p. 275, no. 42; Module, 

no. 74. 

„ beccarii Brady, 1884, FC. p. 704, pi. 107. figs. 2, 3. 

One large but very weak specimen, hardly separable from the next species. 

181. Rotalia perlccida Heron-Alien $ Earland . 

Rotalia beccarii (pars) BalkwiJl <fc Wright, 1885, BIS, p. 351. 

„ perlucida Heron- Allen & Earland, 1913, Cl. p. 139, pi. 13, figs. 7-9 ; 
L914-L5, FKA. p. 718. 

Not uncommon. Extremely deposed and pauperate. 


Sub-family Tinoporin je. 

Gypsina Carter. 

182. Gypsina inhasuens (Scludtze). (PI. 37. figs. 62-64.) 

Acervulina inhmrens Schultze, 1854, OP. p. 68, pi. 6. fig. 12. 

Gypeina ,, Brady, 1884, FC. p. 718, pi. 102. figs. 1-6. 

Heron-Alien & Earland, 1914-15, FKA. p. 724. 

Very common, and, as usual, very variable in the size of the chamberlets. 
One specimen was observed characterized by the extremely small size of 
the constituent chambers, some of which are broken and disclose tightly 
packed young individuals within (fig. 62). 

Among the noticeable variations are two forms : one, white with very, 
large and loosely aggregated chambers, often extending in acervuline 
projections, and sometimes fairly smooth and coarsely perforate, at others 
covered with densely aggregated spines of secondary shell-matter. The 
shape may possibly be due to the irregular surface of the host from which 
the specimens have become detached. In another variant, possibly more 
nearly relate/! to 6r. rubra 9 the form is wild-growing, large-chambered, the 
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172 . Truncattjlina pbaecincta Karrer . 

Eoialia pradncta Karrer, 1868, MFKB. p. 189, pi. 5. fig. 7. 

Truncatulina „ Brady, 1884, FC. p. 667, pi. 9*5. figs. 1-3. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 709. 

Very rare, but typical. 

Pulvinulina Parker <$• Jones . 

173 . Pulvinulina REPANDA ( Fichtel $ Moll). 

Nautilus repandus Fichtel & Moll, 1798, TM. p. 35, pi. 3. figs. a-d. 
lhilvinulina repanda Brady, 1884, FC. p. 684, pi. 104. fig. 18. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 713. 

Frequent and some of the specimens are large, but nearly all broken or 
water-worn. 

174 . Pulvinulina lateralis ( Terquem ). 

liosalina lateralis Terquem, 1878, FIR. p. 25, pi. 2. (7) fig. 11. 

Pulvinulina ,, Brady, FC. p. 689, pi. 106. figs. 2, 3. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 714, pi. 53. 

figs. 6-11. 

One large and typical specimen. 

175. Pulvinulina concentrica Parker Jones. 

Pulvinulina concentrica Parker, Jones, & Brady, 1864, RFS. p. 47o, pi. 48. 

fig. 14. 

„ „ Brady, 1844, FC. p. 686, pi. 105. fig. 1. 

„ ,, Heron-Alien & Earland, 1914-15, FKA. p. 714. 

Small, but frequent and typical. 

176 . Pulvinulina canauiensis (d’Orbigny). 

Ilotalina canariensis d’Orbigny, 1839, FIC. p. 130, pi. 1. figs. 34-36. 
Pulvinulina „ Brady, 1884, FC. p. 692, pi. 103. figs. 8-9. 

„ ,, Cushman, 1921, FP. p. 338, pi. 66. fig. 1. 

Rare, but quite typical. 

177 . Pulvinulina crassa (d'Orbigny). 

Motalina crassa d’Orbigny, 1840, CHP. p. 32, pi. 3. figs. 7, 8. 

Pulvinulina „ Brady, 1884, FC. p. 694, pi. 103. figs. 11, 12. 

„ „ Cushman, 1921, FP. p. 338, pi. 67. fig. 3. 

Frequent and well-developed. 

178 . Pulvinulina tuuncatulinoides ( d’Orbigny ). 

Ilotalina truncaUilinoides d’Orbigny, 1839, FIC. p. 132, pi. 2. figs. 25-27. 
Pulvinulina „ Heron-Alien & Earland, 1922, TN. p. 216. 
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Planorbulina tfOrbigny. 

166. PLANORBULINA MEDITEBRANENSIS d'Orbigny. 

Planorbulina mediterranensis d’Orbigny, 1826, TMC. p. 280, pi. 14. figs. 4-6 ; 

Module, no. 79. 

,, „ Brady, 1884, FC. p. 656, pi. 02. figs. 1-3. 

„ „ Heron-Alien & Earland, 1914-15, FEA. p. 705. 

A aingle large specimen. 

167. Planorbulina larvata Parker fy Jones. 

Planorbulina vulgaris, var. larvata Parker & Jones, 1859, etc., NF. 1860, 
p. 294. 

„ larvata Brady, 1884, FC. p. 658, pi. 92. figs. 5, 6. 

„ „ Heron-Alien & Earland, 1914-15, FEA. p. 706. 

One somewhat doubtful specimen. 

Truncatulina d Orbigny. 

168. Truncatulina lobatula ( Walker # Jacob). 

Nautilus lobatulus Walker & Jacob, 1708, AEM. p. 642, pi. 14. fig, 35. 
Truneutulina lobatula Brady, 1884, FC. p. 660, pi. 02. fig. 10 (etc.). 

„ „ Herou-Allen & Earland, 1914-15, FEA. p. 706. 

Common and presenting the usual range of variation. 

169. Truncatulina VARIABILIS d’Orbigny. 

Truneutulina variabilis d’Orbigny, 1826, TMC. p. 279, no. 8. 

„ „ Brady, 1884, FC. p. 661, pi. 93. figs. 6, 7. 

„ „ Heron-Alien & Earland, 19 14-15, FEA. p. 706 ; 1922, 

FGA. p. 137, pi. 1 (numbered 2). figs. 38, 39. 

Very common, ranging from normal variations up to the wild-growing 
Soldanian types. 

170. Truncatulina refuloenb ( Montfort ). 

Cibieides rtfulgen* Montfort, 1808-10, CS. vol. i. p. 122, 3l me genre. 
Truneutulina „ Brady, 1884, FC. p. 659, pi. 92. figs. 7-9 

„ Heron-Alien & Earland, 1914-15, FKA. p. 707. 

Very common and highly typical. 

171. Truncatulina ungbriana {d’Orbigny). 

Botalina ungeriana d’Orbigny, 1846, FFV. p. 157, pi. 8. figs. 16- 18. 
Truncatulina „ Brady, 1884, FC. p. 664, pi. 94. fig. 9. - 

„ „ Heron-Alien & Earland, 1914-15, FEA. p. 708. 

Frequent and well-developed. 
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is moderately common in the material, as it is, indeed, in shallow-water 
gatherings from most tropical and temperate seas. Liebus and Schubert’s 
variety, ]). tabernacularia , var. levis (Jahrb. k.-k. geol. Reichsanst. 1902, 
vol. lii. p. 301, fig. 5), has many points of resemblance, but differs in the 
absence of the characteristic radial beading which decorates the base of 
1 >. lauriei , as it does the base of D. tabernaculnris . 

165. Discorbina vyramidalis, sp. nov. (PI. 37. figs. 56-61.) 

Test free, shaped like a four-sided pyramid with slightly excavated sides, 
and salient angles, consisting of 3-5 convolutions, each of four chambers, the 
widest portion of each chamber being at the angle, and the sutural divisions 
running down the middle of each side. Shell-wall thick ; the base excavate, 
studded with beads, arranged radially, with the aperture of the final chamber 
in the umbilical recess. In all the specimens examined in balsam the 
primordial chamber is large and spherical, occupying as much as a quarter 
of the pointed apex of the pyramid. 

Several u twinned }} pairs occur. The specimens are usually about the 
same size. There is a considerable range both in size and height of the free 
individuals ; in fact, there appear to he two fairly distinctive forms, one small 
and more or less regularly pyramidal (i.e., the height being roughly equal to 
the diameter of the base), the other with a height double that diameter. 
These may represent the megalo- and microspherie stages of the organism. 
Among other variations noticeable are (I) a single three-sided specimen, 
(2) several specimens in which the angular edges of the pyramid are curving 
lines, so that, when viewed from the top, a spiral structure is suggested. 
The shell is thick and free from surface ornamentation. 

This species is evidently closely allied to Millett’s D. carrwjata (M. 1898, 
etc., FM. 1903, p. 700, pi. 7. fig. 5). We have good examples of this, from the 
Arakan coast of Burmah. Millet/s original types, which are in our possession, 
bear, in his handwriting, as locality (i Sagami Bay, Japan/’ Millett’s form 
has five salient, angles and a much less polished exterior than iKpyramidalis . 
We have typical specimens of J). pi/ramidalis from Suva, Fiji Is. (12 fms,, 
very rare), and we have noted its occurrence at ‘Challenger’ Station 185, 
“Raine Id/' (155 fms., also very rare), so that we may assume that the 
form is widely distributed in the tropical Pacific. It is of constant occur- 
rence in a series of shore-sands which we possess from St. Vincent’s Gulf 
and Spencer Gulf (S. Australia), and it, also occurs in two shore-sands from 
W. Australia (Fremantle and Rottnest Island). The lack of snitable 
material from the remaining shores of Australia renders the records incom- 
plete, but it appears highly probable that the species will be found to be a 
typical form in Australian shore-gatherings. 

Size. Basal diameter at edges *08-* 16 mm. (small type) to *28 mm. (large 
type). Height '05-*21 mm. (small type) to *35 mm. (large type). 
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160. Discorbina pulvinata Brady. (PI. 36. figs. 42-46.) 

Discorbina pulvinata Brady, 1884, PC. p. 660, pi. 88* figs. 10, a, b. 

» tt Sidebottom, 1904, etc., RED. 1908, p. 14, pi. 5. fig. 4. 

it tt Heron* Allen & Earland, 1914-15, FKA. p. 703. 

Frequent, and the specimens vary between relatively smooth and highly 
corrugate on the superior face: Nearly all of them exhibit “ budding” in 
various stages, from a single minute primordial chamber in the umbilicus of 
the oral side to specimens in which the base and internal septa have disap-* 
peared by absorption. Two individuals with young brood clustered round 
the orifice were observed, which we figure. 

161. Discorbina p atellifo rm is Brady . 

Discorbina patelliformis Brady, 1884, PC. p. 647, pi. 88. fig. 3; pi. 89. fig. 4. 
„ „ Sidebottom, 1904, etc,, RFD. 1908, p. 14, pi. 5. fig. 3. 

„ „ Heron-Alien & Kurland, 1914-16, FKA. p. 703, 

pi. 52. fig. 32. 

Very common and attaining a large size. The specimens are perfectly 
preserved and very handsome. One “budding** pair of small individuals 
was observed. 

162. Discorbina harmeri Heron- Allen § Earland. 

Discorbina harmeri Heron-Alien & Earl and, 1922, TN. p. 204, pi. 7. tigs. 9-11. 
One minute but typical specimen. It is interesting to note the occurrence 
of this recently described species in a new area, though it is evidently not 
firmly established there. 

163. Discorbina tabernacularis Brady. (PI. 36. figs. 47-49.) 

Discorbina tabernacularis Brady, 1884, FC. p. 648, pi. 89* figs. 5-7* 

„ „ Heron-Alleu & Kurland, 1914-15, FKA, p. 704. 

Common and quite typical. Many “ budding*’ and associated pairs ; also 
individuals with the base and septa eroded. A specimen of the latter where 
the internal cavity was filled with young individuals (fig. 49). 

164. Discorbina lauriei, nom. nov. (PI, 36. figs. 50-52 ; PI. 37. figs. 53-55.) 

Discorbina tabernacularis Sidebottom, 1910, RFBP. p. 25, pi. 3. fig. 12. 

The little test figured by Sidebottom though doubtless allied to D. taber- 
nacularis cannot be taxonomieally referred to that species. It has many 
points of distinction : the paucity of chambers, which rarely exceed two con- 
volutions of five chambers each; its blunted, or rounded, apex, with a 
prominent primordial chamber ; its greatly inferior but constant size ; and 
perhaps, most of all, its constant habit of “ budding ** pairs. Specimens 
which do not present this feature are so uncommon as to be noticeable. It 
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154 . Disoorbina valvulata [ d ’ Orlngny ), 

Rosalina valvulata d’Orbigny, 1826, TMO. p. 271, no. 4; 1836, PIC. p. 136, 
pi. 2. figs. 19-21. 

Discorhina „ Brady, 1884, FC. p. 614, pi, 87. figs. 5-7. 

,, „ Heron-Alien & Earland, 1914-15, FKA. p. 695. 

Common. Very fine and typical specimens. 

155 . Discorbixa renikormis Heron- Allen Sc Earland. 

Discorhina reniformis Heron- Allen & Earland, 1914-15, FKA. p. 698, pi. 52. 
fig 8 . 7-14. 

A single quite characteristic specimen of this very obscure species. It 
appears to he very widely distributed over the Indo-Pacific area, though it 
is always rare. 

156 . Discorbina Hugos a ( d'Qrbigny ). 

Rosalina rugosa iTOrbigny, 1839, FAM. p. 42, pi. 2. figs. 12-14. 

Discorhina „ Brady, 1884, FC. p. 652, pi. 87. fig. 3; pi. 91. fig. 4. 

„ ,, Heron-Alien & Earland, 1914-15, FKA. p. 197. 

ltare, but very fine and typical specimens. 

157. Discorbixa polystomelloides Parker Sc Jones . 

Discorhina pohjstomelhides Parker Jones, 1865, NAAF. p. 421, pi. 19. fig. 8. 

Brady, 1884, FC. p. 652, pi. 91. fig. 1. 

„ Heron-Alien & Earland, 191-4-15, FKA. p. 698, 

pi. 52. figs. 19-23. 

Common and attaining comparatively enormous dimensions, the largest 
having a maximum diameter of 3 mm. The specimens vary considerably in 
their surface ornament, some having developed secondary shell-structure in 
the form of heads and ribs to an extent that we have never previously 
observed in this species. 

158 . Discorbixa rimosa Parker Sc Jones. 

Discorhina rimosa Carpenter, Parker, & Jones, 1862, 18F. p. 205. 

„ „ Millett, 1898, etc., FM. 1903, p. 702, pi. 7. fig. 7. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 700. 

The specimens referable to this species merely tend to confirm our views 
expressed (at supra) as to the inexpediency of separating this species from 
J). polystomelloides . They could very well be included as pauperate speci- 
mens of the latter, in view of the wide range of variation exhibited by that 
species. 

159 . Discorbina rarescens Brady . 

Discorhina rarescens Brady, 1884, FC. p. 651, pi. 90. figs. 2, 3, & ?4. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 700. 

One small but perfectly typical specimen. 
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147* Discorbina vilardeboana ( d ’ Orbigny ). 

Batalina vilardeboana d’Orbigny, 1839, FAM. p. 44, pi. 8. figs. 13-15. 

•i „ Brady, 1884, FC. p. 645, pi. 86. fig. 12 ; pi. 88. fig. 2. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 692. 

Frequent and generally small, but some of the specimens attained very 
large size. 

148. Discorbina rosacea (d’Orbigny). 

Batalina rosacea d'Orbigny, 1826, TMC. p. 273, no. 15 ; Module, no. 39. 
Discorbina „ Brady, 1884, FC. p. 644, pi. 87. figs. 1, 4. 

„ „ ‘ Heron- Allen & Earland, 1914-15, FKA, p. 092. 

Frequent and typical. 

149. Discorbina baccata tleron-Allen § Earland. 

Discorbina baccata Heron-Alien & Earland, 1913, Cl. p. 124, pi. 12. figs. 1-3 ; 
1922, TO. p. 200. 

A single small but typical specimen. 

150. Discorbina turbo (d’Orbigny). 

Rotalia ( Trochulina ) turbo d'Orbigny, 1826^ TMC. p.274, no. 39; Module, 

no. 73. 

Discorbina turbo Brady, 1884, EC. p. 642, pi. 87. fig. 8. 

„ „ Heron-Alien & Earland, 1914 -15, FKA. p. 693. 

A single small specimen. 

151. Discorbina mediterranensis (d’Orbigny). 

Uosalimx mediterranensis d'Orbigny, 1826, TMC. p. 271, no. 2. 

Discorbina „ Heron-Alien & Earland, 1913, Cl. p. 118, pi. 9. 

figs. 12-14, pi. 10. fig. 1 ; 1914-15, FKA. p. 693. 

Common and very typical. 

152. Discorbina globularis (d’Orbigny). 

Bosalina globularis d’Orbigny, 1826, TMC. p. 271, no. 1 ; pi. 13. figs. 1-4; 
Module, no. 69. 

Discorbina „ Brady, 1884, FC. p. 643, pi. 86. figs. 8, 13. 

„ „ Heron- Allen & Earland, 1914-15, FKA. p. 694, pi. 51. 

figs. 30-39. 

Very common, presenting every range of variation from depressed forms 
hardly separable from D. com to highly inflated specimens separable only 
from I), calvulata by the absence of linibation. 

153. Discorbina arauoana (d’Orbigny). 

Bosalina araucana d’Orbigny, 1839, FAM. p. 44, pi. 6. figs. 16-18. 

Discorbina araucana Brady, 1884, FC. p. 645, pi. 86. figs. 10, 11. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 695. 

Common and fairly typical, varying considerably in size. 


45 * 
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Cymbalopora Hagenow . 

141. Cymbalopora pobyi (d’Orbigny). 

Rosalina poeyi d’Orbigny, 1339, FC. p. 92, pi. 3. figs. 18-20. Rotalia squam- 
mosa , p. 91, pi. 3. figs. 12-14. 

Cymbalopora poeyi Brady, 1884, FC. p. 636, pi. 102. fig. 13. 

., Heron-Alien & Earland, 1914-15, FKA. p. 637. 

One small and weak, and one large and typical specimen. 

142. Cymbalopora millettii Fleron-AUen Sc Earland . 

Cymbalopora bidloules Millett, 1898, etc., FM. 1903, p. 697, pi. 7. fig. 4. 

., milhnii Heron-Alien A; Earland, 1915, FKA. p. 689, pi. 51. 
figs. 32-35. 

„ „ Heron- Allen, 1915, RPF. p. 253, pi. 16. fig. 36 ; pi. 17. 

figs. 46-48, 50, 51. 

One perfect specimen with the characteristically marked balloon, and a 
number of specimens of the apical rotaline mass of chambers. 

Discorbina Parker Jones . 

143. Discorbina cora (d'Orbigny). 

Rosalina corti d’Orbigny, 1839, FAM. p. 45, pi. 6. figs. 19-21. 

„ Heron-Alien & Earland, 1915, FKA. p. 690; 1922, FGA. 

p. 133, pi. 1 (numbered 2). figs. 33-35. 

Fairly typical examples of this very primitive form of D. globufaris occur, 
but they are rare. 

j 

144. Discorbina nitida ( Williamson ). 

Rotcdina nitula Williamson, 1858, RFGB. p. 54, pi. 4. figs. 106-108. 

Rotalia „ Brady, 1884, FC. p. 627. 

Discorbina „ Heron-Alien & Earland, 1914-15, FKA. p. 691. 

Very rare, minute and weak. 

145. Discorbina concinna Brady . 

Discorbina concinna Brady, 1884, FC. p. 646, pi. 90. figs. 7, 8. 

„ „ Egger, 1893, FG. p. 388, pi. 15. figs. 22-24. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 691. 

Frequent and typical. 

146. Discorbina isabelle an a (< d’Orhigmj ). 

Rosalina isabelleana d’Orbigny, 1839, FAM. p. 43, pi. 6. figs. 10-12. 
Discorbina „ Brady, 1884, FC. p. 646, pi. 88. fig. 1. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 692. 

Frequent. The specimens are good, but small. 
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deeply depressed, showing no sign of coiling or of an oral apertnre. As in 
Spiv&hfta luctda Sidebottom, the oral extremity of the tube is compressed and 
sealed into the outer wall of the test. The protoplasmic body, which is dark 
yellow in colour and full of minute granules of darker tint, is voluminous 
and occupies the whole of the convolutions. 

Spirillina campanula is interesting as presenting an entirely novel plan 
of growth. The genus is normally a piano-spiral ly coiled tube, but in most 
of the species a certain degree of asymmetry is observable between the two 
faces of the spire, one being raised and the other depressed. This tendency 
is particularly noticeable in S, revertens Rhumbler and S. lucida Sidebottom, 
and is still more pronounced in 8. groomii Chapman, but none of these can 
compare with the extraordinary convexity of S. campanula . 

The species is probably abundant at Lord Howe Island, as many specimens 
were found in spite of the very small quantity of fine material available for 
examination. All the specimens were free except one, which was sessile on 
a fragment of coralline. The perfect manner in which the rim of the bell 
with its excised edges adapted itself to the shape of the host suggests that 
such a sessile habitat may be normal, at any rate, up to a stage in the existence 
of the organism. Such conditions would aecdunt for the peculiar form of 
the rim and the varying degree of compression of the bell. But a careful 
search of the small quantity of coralline available did not provide further 
specimens. 

One large individual has lost all internal septa by absorption, and the entire 
cavity of the bell is packed with young individuals, each consisting of a 
proloculum encircled by a complete coil of tube. At least ten individuals 
can be counted in the cavity. 

The size and relative proportions are very variable. Five specimens 
measured ‘for height and maximum breadth gave the following measure- 
ments : — 


Height *15 

•075 

•15 

•095 

•115 

mm. 

Breadth *187 

•125 

•102 

•125 

•125 

mm. 

Four others measured gave : — 






Maximum breadth 

•135 

•1 

•11 

•095 

mm. 

Thickness at rim 

•107 

•08 

•087 

•08 

nun. 


Sub-family Ro tali in,*. 

Patellina Williamson. 

140. Patellina corrugata Williamson. 

Patellina corrugata Williamson, 1858, RFGB. p. 46, pi. 3. figs. 86-89. 
„ „ Brady, 1884, FC. p. 634, pi. 86. figs. 1-7. 

„ „ Heron-Alien & Karland, 1914-15, FKA. p. 687. 

Common and typical. All of the rather low-domed, scaly type. 
LINN, JOURN. — ZOOLOGY, VOL, XXXY. 45 
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MESSRS. E. HERON-ALLEN AND A. BA BLAND ON 


EXPLANATION OP THE PLATES. 

Plates 36-37. 

Showing young individuals in fractured chamber. 


Fig. 1. Nubecularia lucifuga Defrance. 

X 66. 

2-6. „ schamndandi (Khumbler). X 36. 

6-7. Spirobcidiua tenuirostra Karrer. Fig. 6. Central portion abraded. X 145. 

8. MUiolina auberiana, var. semireticulata, var. nov. Front view, 'v 

9. „ „ „ » Back view. > X 56. 

10. „ „ „ „ Oral view. ) 

11. Craterites rectus, gen. nov. et sp. nov. Side view, showing the expanding base, 

layers of chamberlets, and eribrate oral surface. X 30. 

12. „ „ gen. nov. et ap. nov. Superior view of eribrate oral surface, 

showing similar structure underneath through fractures on 
surface-layer. X 30. 

13. DiffusUina humilis, gen. nov. et sp. nov. A perfect specimen attached to Nullipore, 

showing pustular processes on the surface, which u otherwise 
un-abraded. X 28. 

14-16. „ „ gen. nov. et sp. nov. Specimens showing partially abraded 

surface, exposing the labyrinthic protoplasmic structure 
(shown black), x 28. 

17. Haddonia torresiensis Chapman. Young textularian specimen, showing commence- 
ment of wild later growth. X 30. 

19 -20. „ „ „ Fully-developed specimens, showing textularian 

commencement to wild-growing portion, x 30. 
21. „ „ Shoving the oral extremity, x 30. 

18 A 22. „ ff Specimens incorporating large sand-grains. X30. 

23-24. Bulimina elegantissima d’Orbigny. Fig. 28. The bud is a single chamber ; Fig. 24, 
developed into a young individual of several chambers. X 146. 
Bolivina Umbata , var. abkreviata, nov. Side views, i 
27. „ » „ » Edge view, f 


X 146. 


28. Frondicularia tcottii Heron-Alien & Earland. 


80-31. Vvigtrina eelttyentit Heron- Allen & Earland. 
32. ItnmittH grimaldii Schlumberget. x 26. 


Specimen from Lord Howe Island. 
X 146. 

Specimen from ‘ Challenger ’ Stn. 

186 (Raine Island). X 146. 

X 146. 


33-34. SpiriUina campanula , sp. nov. 

Side views. \ 


85. 

91 W 

Apical view. > 

Viewed as opaque specimens. 

36. 

It it 

Basal view. ) 


37 88. „ 

19 19 

Balsam mounts. 

Side views. 

89. 

19 tf 

it 

91 

Apical view* Scaly surface. 

40. 

It 19 

ii 

71 

Basal view. 

41. 

99 11 

n 

91 

Specimen in which the septa 


having been entirely absorbed, the central cavity ia filled with a . 
mass of young individuals, Which are shown in optical section. 
All X 840. 

42. JHteorUm pnlvmata Brady. Superior view. 

48-45. „ ' ,. „ Basal view/ showing development of young indi- 

viduals around oval aperture. 
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Fig. 46. Diacorbina pulvinata Brady. Basal view of specimen m which the internal septa 

and central portion of the base have been absorbed 
after process of reproduction. All X 146. 


47-48. 

>» 

tabemacularU Brady. Adult budded pairs. X 146. 

49. 

w 

99 99 

Basal view of specimen, showing young 



individuals. (The marginal edge is broken away.) X 145. 

50. 

»» 

lauriei nom. nov. 

Superior view. 

61. 


99 99 

Basal (oral) view. 

62-66. 

»> 

99 99 

Specimens showing budding young in various stages 



of development. All x 145. 

66. 

99 

pyramidalis, sp. nov. Side view, short (typical) form. 

67. 

99 

99 99 

„ long form. 

68. 

it 

99 99 

Basal side view. 

69. 

99 

99 99 

Apical side view. 

60. 

99 

99 »> 

Basal view. 

61. 

99 

91 99 

Budding pair. All X 146. 

62. 

Oypsim inherent Schultze. 

Specimen showing young individuals in broken 




chamber, x 145. 

63. 

9* 

99 99 

Specimen suggesting Holocladina (see text). X 56. 

64. 

99 

99 •> 

Wild-growing specimen. X 25. 


05. Baculogypaina aphcerulata (Parker & Jones). A young individual in balsam, 
showing the transition from the early rotaline plan of growth 
to the acervuline later stages. The rotaline chambers are 
shown dark owing to the chitinous lining. Axial canals 
perforate the spines and communicate with the primordial 
chamber. X 105. 




INDEX 


[Synonyms and native names are printed in italics. A star * denotes the first 
publication of a name ; a dagger t denotes a fossil. The absence of an 
authority is due to omission by the respective authors.] 


Aaptos aaptos, 0. Schimdt , 479, 508. 

— adriatica , Gray, 508. 

A brolhos Islands: Ampbipoda and Isopoda, 
1 ; Echinoderms, 229-251 ; Opistho- 
branchiata, 521 ; sea-pens, 21 ; sponges, 
477. 

Acatnarchis , Lamx., 297. 

— dentata , Lamx., 297. 

— neritina , Lamx., 297. 

Acanthodoris piiosa, 569. 

Acantboleberis curvirostris, Lilljeb. 425, 

437. 

Acarapis woodi, Hirst, 382. 

Acari, new species, 363-392. 

Acarus marginatus, Herm., 366. 

Acervulina inhatrene, Schultze, 637. 
Acroperus harpce, Baird, 423, 425. 
Actberes, 90. 

Aetinodoria, Ehreub., 553. 

— sponea, Ehrenb., 553. 

Actmometra anna lata, Bell, 233. 

— nigra , P. IL Carp., 232. 

— stclligera , P. H. Carp., 232. 

Actinophrys, Ehrenb sp., 457, 473. 
Adults, phyletic succession, 63. 

Aetea, Lamx., 297, 308, 309, 316. 

— anguina, 297. 

— ligulata, Busk, 304. 

— truncate, Landeb., 297, 309. 

Aeteopsia, Boeck, 297. 

— ekmgata, Boeck, 297. 

ASthusa ciliatifrons, Fax., 47, 48. 

ABthusina, 48. 

— gracilipes, Afters, 47, 78, 


Alcedo ispida, Linn., its brilliant colouring 
aposematic, 288. 

Alecto parvicirra, J. Muller, 234. 

Algae, food of Daphnia, 416. 

Alicus rostratus, Triig., 383. 

Allantion, Sandon*, 461 ; mentd., 452,475. 

— tachyploon, Sandon *, 461 ; mentd., 452, 

457, 467. 

Alloniscus, Dana, 107; four spp., 108. 

— alluaudi, Doll/., 108. 

— brevis, Budde-Lund, 108. 

— elegaus, Doll/., 108. 

— . guttatus, Doll/., 108. 

— nacreus, Collinge *, J07, 108, 113. 

— pallidulus, j Budde-Lund, 108. 

— pigmentfttus, Budde-Lund, 108. 

— tigris, Doll/., 108. . 

Alloidoris, Bergh, 547. 

— hedleyi, O' Don*, 523, 547, 549, 550, 

57?’ 579. 

— lanuginata, Abrah ., 549. 

— marmorata, Bergh, 547, 548, 549, 550. 

A Iona aflinis, Leyd., 425. 

— rustica, T. Scott, 425. 

Alonella excisa, 425. 

— nana, 425. 

Alonopsis elongata, Sara, 414, 423, 42 4 
425. 

Altson, A. M., Method of ovipositiou and 
the egg of Lyctus brunneus, Steph. 
217-227 ; Genital system of Lyctus 
brunneus, Steph., 581. 

Alveolina, Orb., 612. 

— melo, Heron-AU. 8p Earl., 612. 
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INDEX. 


Alyaidium, Busk, 298. 

— lafbntu,j»i«*,20B. 

— parasiticum, Busk, 298. 

Amastigia, J Busk, 208, 800, 325, 529, 339, 
847,358. 

— abyssicola, 835. 

— Antarctica, 338. 

— benemunita, 881 , 334, 368. 

— caberioides, 835. 

— crassimarginata, 834. 

— funiculata, 385. 

— gaussi, 888. 

— kirkpatricki, Levinsen *, 295, 828, 835, 

387, 838, 341, 858, 359, 861. 

— nuda, Busk, 380, 331, 382, 333, 335, 

359, 360, 361. 

— pateriforttiis, 339. 

— rudis, 382, 838, 834, 345, 360, 361. 

— solida, 338. 

Amblypneustes pallid us, Valenciennes, 249 ; 
distrib., 229, 232. 

Ameletus ornatus (Eaton), wing-veins, 
145-160. 

— perscitus, Eaton, wing-veins, 153. 
Amoeba actinophora, Auerb., 452, 457, 468, 

470. 

— diploidea, 457. 

— limax, Iky., 457, 468. 

— limicola, Rhumb., 409. 

— radiosa, Ehrenb., 457 . 

— sp., 457, , 

— striata, Penard , 452, 409. 

— terricola, Orff, 452, 457, 469. 

— vespertilio, Penard, 452, 469. 
Amorphma Duchassaingi, Tops., 508. 
Ampbimetra jacquinoti, A. H . Clark, 234 ; 

distrib., 281. 

Ampbipoda from Abrolhos, 1. 

Amphioxus, Yarr ., 90. 

Amphistegina, Orb,, 640. 

— lessonii, Orb., 040. 

— — var. gibba, Orb., 641. 

— mamillata, Orb., 641. 

Ampkithoe setosu, Hasw., 12. 

Anabiena, A. Juts ., food of Daphnia, 410. 
Anchinoe fictitioides, Dandy, 504, 479, 519, 

fictitius, J. Steph 505. 

Ancorina aaptos, O. Schmidt, 508, 509. 

— adriatica, Vos m., 508. 

— australiensis, Lendenf, 475, 492. 

— brevidens, Dandy*, 498, 478, 479, 519. 


Andersonia, Boulanger, 298. 

Anderuonia, Kluge, 298, 829. 

— antarctica, Kluge, 298, 888. 
Anderssonia, Strebel, 298. 

Angasiella, Anyas Sr Cross, 568. 
Anguinaria, Lam., 298. 

— spatulata, Lam., 298. 

— truncata, Lands b., 804. 

Angularia, Busk, 298. 

Anisonema minus, Sandon*,' 462, 475; 

mentd., 452, 457. 

Anisoptera, mentd., 143. 

Antedon, From., 80, 98, 95, 06, 97. 

— gyges, Bell, 284. 

— urripinna, P. II. Carp., 285. 

Antennae of Chlorops, 406 
Antennopliorus uhltuanni, Haller, 367. 
Anthenea Australia?, Doderirin , 238; dis- 
trib., 230, 232. 

— globigera, Diiderlein, 239; distrib., 230, 

232. 

— pentagonula, Perrier, mentd., 239. 
Antiopa cristata, 509: 

Aphanizotnenon, Morr ., food of Daphnia, 

416. 

Aphelodoria, Bergh , 556. 

— affinis, Eliot, 566, 558, 577, 579. 

— antillensia, Bergh, 556. 

Aplysia , Linn., 527, 528. 

— denisoni, Smith, 533. 

Apocbeima, Schaeff, 88. 

Apus cancriformis, Schaeff., in Scotland, 
420. 

Arcella arenaria, Grerf 452, 454, 471. 

— vulgaris, Ehrenb., 462, 471. 

Archidoris inccrta, 570. 

— tuberculata, 569. 

Arhina, Collingc, 108. 

Armadillidium cat latum, Miers, 103, 104. 

— purpurascens, Kroy., 105. 

Armadillo horrid us, Budde-Lund, 108. 
Annina cygnea, 523. 

Anrbenurus insqlanus, J Torn., 3 88. 
Arthropoda, mentd., 285. 

Ascoleucetta, Bendy 477. 

— eompressa, Bendy *, 481, 477, 518. 
Asexual reproduction in Ptyrhodera, 898. 
Assulina minor, Penard, 472. 

— muscorum, Oreef, 458, 457, 472. 

— *minUum, Leidy (pan), 472. 

Astacus, Qrm», 85,89* 
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Aeterias pectinata, Linn., 233. 

Asterina, Nardo, mentd., 244. 

— burtonii, Gray, 243 ; distrib., 232. 

— gunnii, Gray, 243 ; disirib., 223-230. 
Asteroidea from West Australia, 235-245. 
Asteronotus, Ehrenb ., 550. 

— bertrana, 570. 

— fuscus, O'Don.*, 551, 523, 552, 577, 

679. 

— hemprichii, Ehrenb ., 550. 

Asteropus simplex, Dendy *, 478, 494, 
Astropecten preissii, Muller tip Troechel, 

235 ; distrib., 229-30. 

Aurora rowi, Dendy, , 478, 494. 

Australia (West), see Eckinoderma. 
Avicella , Van Bened., 298. 

Avicularia, internal, 318. 

Avicularia, Lam , mentd., 298. 

Avicularia , Gray, 298, 314, 315. 

— fidbellaia, Gray, 298, 299. 


Bactridimn, Reuse, 298. 

— hagenowi, Reuse, 298. 

Bftculogypsina, Sacco, 638. 

— baculata , Silv., 638, 647. 

— sphatrulatue , Cushm., 638. 
Balanoglossus, Dell* Ch ., 393. 
Balantiophorus mi nut us, Sckeiv., 453, 457. 
Barentsia, Hincks , 315. 

Basipharynx of Chlurops, 409. 

Bsthycrimip, Thom*., 95. 

Bathydoris, 547. 

Beania, Johmt., 298, 304, 300. 

— mirabilis, JoknsL, 298, 

Bees, tbeir mental qualities influence the 
evolution of flowers, 287. 
Benthesicvmus altus, 45. 

Bertbella, Blainv 536. 

— plnmula, 523, 536, 538, 578. 

— porosa, Blainv., 536. 

Bicellaria, Macq., 299. 

Biceilaria , Blainv., 298-300. 

— aculeaia , Orb., 317, 355. 

— o&fert, Busk, 299. 

— anmdata, Mapl., 317. 
ofcfe, Blainv., 298, 299. 

— gramtUs, Busk, 306. 

— ietfundibulata, Busk, 300. 

Bioellariella, Lev., 299. 

— ciliata, Lev., 299. 


Bicellarina, Lev., 299. 

— alder i, Lev., 299. 

Biemna micro.va, llentscb., 503. 

— tubulata, Dendy , 479, 503. 

Bifrons, MacGill., 299. 

Bifurcation of Menipea and Scrupocellaria, 
321 ; — of Polyzoa, 320. 

Biloculina, Orb., 602. 

— depressa, Orb., 602. 

var. serrata, Bail., 602. 

— elongata, Oib , 603. 

— oblonga, Orb., 603. 

— opposite, Desk, 003. 

— ringens var. striolata, Brady , 602. 

— sarei, Schlumb 602. 

Bimichaelia crassipalpis, llalb.*, 383, 392. 
Biogenetic Law restated, 81-101. 
Bird-of-Paradise, courtship activities, 278. 
Birds, courtship activities in various kinds 
of, 253-292. 

Bittacomorpha, Weetw., 409. 

Blackbird, courtship activities, 263. 
Blackcock, courtship activities, 270, 277, 287. 
Black locust tree, mentd., 217. 

Blepharisma laterita, j Ehrenb., 453, 457. 
Blue Tit, courtship activities, 287. 
Bolivina, Orb., 621. 

— dilatatA, Reuse, 62J . 

— inflate, Heron-All. $ Earl., 622. 

— limbata, Brady, 622. 

var. abbreviate, Heron- AU. # Earl*, 

622. 

— plicate, Orb., 622. 

— punctata, Orb., 621. 

— rokusta, Brady , 021. 

— textilarioides, Reuse, 621. 

— tortuosa, Brady , 621. 

— variabilis, Heron-All. fy Earl, 622. 
Borradaile, L. A., Mouth-parts of Shore 

Crab, 115-142. 

Bosmina brevicornis, Hellich, 446. 

— coregoni, Baird, 444. 

— ■ coregoni-longispina, Ruhe, 444. 

— longirostris, Baird, 425, 446; distrib., 

414, 418, 424. 

— obtusirostris, Bars, 421, 422, 423, 425, 

443-445 ; distrib., 414, 415, 418. 
Bourne, G. C., Kaninidee, 25-79. 
Bower-bird, courtship activities, 269. 
Brachytbecium salebrosum, Schimp., 457. 
Branching of Bogula, 321, 323, 324. 
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Brephos partheniaa, 86. 

Brettia, Dytt., 299 ; mentd., 800. 

— pellucida, JDgst., 299. 

Breynia australasiee, Gray , 251; distrib., 
229, 232. 

Briarella microcephala, 570. 

— sp., 570. 

Bryobia humeralis, Halb 385, 392. 

— prtetiosa, 385. 

Bryurn, Dill., spp., 450. 

Bugula, Oken. 298, 299, 306, 311, 314, 315, 
326; its branching, 321, 323, 324; 
mentd., 300. 

— abyssicola , Kluge, 300. 

— angusta. , Kluge, 300. 

— areolata , Kluge, 300. 

— avicularia, Oken, 299. 

— ciliata, Oken, 299. 

— dentata, 326, 359. 

— flabellata, 299. 

— gigantea, Kluge, 300. 

— johnetonee, 326, 359. 

— lata, Kluge, 300. 

— lewaldii , Kluge, 300. 

— ieontodon , Busk, 311. 

— margaritifera, Busk, 311. 

— multispinosa, Kluge, 300. 

— mwrayana , 309. 

— neritina, Oken , 299. 

— retiformie , Kluge, 300. 

— scaphoides, Kirkp., 326, 359. 

— sinuosa, Busk, 311, 312. 

var. variabilis , Kluge, 312. 

— sp. var. variospinosa , 300. 

— tricornu, Waters, 300. 

— versicolor, Busk, 312. 

Bugularia, Lev., 299. 

— diasimilis, Lev., 299. 

Bugulella, Verr., 300. 

Bugulina, Gray, 299, 300, 314. 

— avicularia , Gray, 298, 300. 

— flabellata , 298. 

— neritina , 298. 

Bugulopns, Verr 300, 353. 

— peachii, Verr., 300, 321. 

Bulimias, Orft., 620. 

— elegantiasima, Or&., 020, 646. 

— liwbata var. abbreviata, Heron- All. fy 

Earl.*, 646. 

— polystrophu, Keuss, 619. 

— williamsoniano, Brady, 621. 


Bulla plumula, Mont., 536. 

Bunaster lithodes, W. K*. Fisher , 241 > 
distrib., 232. 

— ritteri, mentd., 241. 

— uniserialis, mentd., 241. 

Bunting, courtship activities, 263, 277. 
Bustard, courtship activities, 277. 
Bythotrephea longimanua, Leyd., 421 ; 

diatrib., 414, 418. 


Caberea, Lamx. % 300, 309, 312, 329. 

— benetnunita , Lev., 334. 

— boryi, Aud.,§\iS. 

— cransimarginata , Busk, 334, 337. 

— dichotoma, Lamx., 300. 

— marionensis, Lev., 337. 

— pinnata, Lame., 300. 

— ntdis, Buak, 332, 337. 

Cabertella, Lev., 800, 329. 

— benemunita, Lev., 300. 

Calappa, Fabr., 31, 40, 58. 

Calligonua scapular is, Berl., 367. 
Callitriche, Linn., in tarns, 423, 424. 
Calmanesia, Colltnge *, 107, 109. 

— methueni, Colltnge*, 109-113. 
Campascus triqueter, 453. 

Camptoplites. Banner*, 295, 300. 

— abvsaicola, Manner *, 300. 

— angusta, Manner *, 300. 

— areolata, Manner *, 300. 

— bicornis, Manner *, «400. 

— gigantea, Manner *. 300. 

— lata, Marnier*, 500. 

— lewaldii, Manner*, 300. 

— multispinoaa, Manner *, 800. 

— retif brims, Manner *, 800. 

— sp. var. variospinoaa, Marnier *, 800. 

— tricornis, Manner *, 800. 
Camptothecium nitens, Schitnp., 450. 
Cancer, Linn., 129. 

Cauda, Lumx 800, 329. 

— arachnoides, Lamx., 800. 

CandieUa , Gray, 543. 

Cantbocamptus cuspidatua, Schmcil, 422, 
424. 

— pygmaaus, G. O. Bars, 424. 

— zschokkei, Bckmeil, 424,425. 

Cnrabodes a Bub, 1 Bert., 380. 

— marginatus, Mich., 880. 

Caradrina, Mueb., mite on, 887. 
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Carbosea, Gray, 801, 311. 

— armata , Busk, 812. 

— botnbyeina , Busk, 316. 

— carbasea, Banner *, 301. 

— dissimili *, Busk, 299. 

— episcopalis , Busk, 308. 

— ligulata , Busk, 314. 

— pupyracea, Gray, 301. 

— solatiden , Norman, 301. 

Carche8ium, Ehrenb ., mentd., 460. 
Carcinology, Kaninidas, 26-70. 

Carciuus mamas, Leach , 35, 40; mouth- 

parts, 1 15-142. 

Carterina, Brady , 616. 

— spicuiotesta, Brady , 616. 

Cassella , II. & A. Adams, 554. 

Cassidulina, Oft., 622. 

— clnvata, Brady, 623. 

— crassn, Orft., 022. 

— subglobota, Brady , 623. 

Catenaria bicornis , Busk, 315. 

Catcnicella, 820. 

Catdibuyula, Verr., 301. 

— armata , Verr., 301. 

Celia ria (pars), 348, 353. 

Cellaria, Z7/. # AW., 801, 303, 304, 308, 
315. 

— cirrata, if//. Aw/., 301, 313. 

— oornwfa. 367. 

— farciminoides , Kll. A Sol., 301, 302. 

— fistulosa, Hineks, 301-303. 

— Jistulosa , Hi neks, .‘503. 

— Jiabellum , Kll. & Sol., 313. 

— johnsoni, 303. 

— loricata , 307. 

— pyriform**, Bertol., 805, 306. 

— salicornia , Lamx., 801. 

- mi I i cor mu, Za?n., 301. 

— salicornia (pars), Pall., 301, 303. 

— - salicornia, Pa//., 302, 303. 

— - ealieornioidex , Lamx., 303, 315. 

— simiosa, Ptf.y 302. 

— stnttosa, llincks, 303. 

— tenella , Lam., 314. 

— temata , Ell. & Sol., 317, 354. 

Cell anna, Orb., 304. 

Cellarina, Van Bened. (pars), 858. 
Cellarina, Fan Bened., 308, 804. 

— gracilis, Van Booed., 308, 804, 

— acabra, Van Bened., 803. 

Cellularia (pars), auctt., 858. 


Cellularia (pars), Busk, 339. 

Cellularia , Pall., 301, 304, 320. 

— avicularia , Pall., 314. 

— biloba, Busk, 350. 

— cirrata , Busk, 308. 

— cirrata , Ell. A Sol., 340. 

— crateriformis , Busk, 350. 

— crispa, Pa//., 313, 340. 

— cmpidata , Busk, 355. 

— elonyata , Busk, 350, 351. 

— farciminoides , Ell. & SoL, 303. 

— JlabcUum (pars), Ell. A Sol., 340. 

— floccosa , Pall., 340. 

— loriculata , Pall., 310, 314. 

— monotrypa , Busk, 355. 

— ornata , Busk, 340. 

— peach ti, Busk, 300, 355. 

— plumosa , Pall., 306. 

— quadrata , Busk, 842. 

— salicornia , Pall., 30-3, 315. 

— scrujma , Verr., 304. 

— ternuta , 304. 

forma gracilis , Smitt, 354. 

Cellularine Polvzoa, 293 -361. 

Centrechinus savignyi, II. L. Clark, 248; 
distrib., 232. 

— setosus, Jackson , 248; distrib., 232. 
Centropvxis, 457, 470. 

— aculeata, AfetVt, 454, 471. 

var. spin omi, Casft, 471. 

var. ecornia, Leidy, 471. 

— laevigata, Penard , 454, 470. 
Centroslephanus tenuispinus, //. Z. Clark, 

249; distrib., 230, 232. 

Cephalodiscus, Afclnt ., 393. 

Ceradocus, vi. Cos/a, 6. 

— rubromaculatus (AYeftft.), 2, 6, 18. 
Ceraochalina multiformis var. manaarensis, 

Ztewrfy, 478, 500. 

— retiarmata , Bendy, 499. 

Ceratodus, 87, note ; mentd., 165- 

215. 

— forsteri t, 179: mentd., 166, 175, 199. 
Ceratosoma, Adams Sr Reeve, 558. 

— brevicaudatum, -4 ft raft., 523, 558, 569, 

672, 577, 579. 

— calidonicum, Fisch., 558. 

— corallinum, Odhn., 528. 

— cornigerum, Adams §• Reeve, 558. 

— oblongum , Abrah., 558, 560. 

— tenue, Abrah., 558. 
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Cer&tosoma trilobata, 570. 

Ceratozercon bicornis, Halt, *, 375, 392. 
Cercaripora, Fitch., 304, 309. 

— argillacea, 304. 

— liyulata, 304. 

— truncate, 304. 

Cercobodo, Kras * ., 467 

Cercouiouas crassicauda, Alex., 452, 457, 
458, 465. 

— sp., 457. 

Geriodaphnia pulchella, Sars, 425 ; distrib., 
414. 

— quadrangula, distrib., 414, 415, 416. 
Ceriopora globulus , lleuss, 638. 

Chelifer dubius ( Camb.), 364. 

Ohalina palmata, Midi. $ Bendy , 499. 

— sp., 478, 600. 

Chaperia, JulL, 304. 

— ucanthina, Hanner *, 304. 

— australis, JuU., 304. 

Chartella, Gray, 304, 311. 

— papyracea, 304. 

Chaunosia, Busk, 304. 

— hirtissima, Husk, 304. 

Cheyletus erudites, Schr., 387. 

— venustissiniUB, V. L. Koch , 387. 

Chilodon cucullulus, Ehrenb 457. 
Chlamydophrys stercorea, Cienk., 453, 457. 
Cblidonia, Lamx 305, 306. 

— pyriformis, 305. 

Chlidonia, Hiibn., 305, • 

Chlidonia . , Herr.-Schaft., 305. 

Chlidonias, Mnfin ., 305. 

Ohlorella Meyer., food of Daphnia, 416. 
Chloropisca glabra, 405, 408. 

Ohlorops tceniopus, Meig., head capsule, 
399-410. 

Chromodoris , Aid. & Home., 553. 

— magnified, Quoy A Gaim., 553. 
Chrondrilla australiensis, Carter, 478, 496. 
Ohydorus piger, 425, 437. 

— sphnricus, 414. 

Cibiddes refulgent, Montf., 635. 

Cidaritee anmtlifera , Lam., 248. 

Cilicoaa stylifera, Whitel . , 14. 

Cilicaeopsis, Hansen , 13, 14. 

— dakini, Tatt.*, 18. 

— granulata, 14. 

— whiteleggei, 14. 

Cilliba, Heyd, 878. 

— vegetans, Hull, 377. 


Oillibano dinyeboides, Hull, 379. 
Cinclidium stygium, Sw., 450. 

Ometoscids, Martens, 305. 

Cladoehalina eupla. v, Lendenf., 499. 
Cladomonas sp., 457, 462. 

— fruticosa, Stein, 457, 463. 

Clark, H. L., Some Echinoderma from 
West Australia, 229-251. 

Cleanthus , Leach, 536. 

Clypeus of Ohlorops, 403. 

Coition of Lyctus, 590. 

Coleoplera, female veprod. organs, 59. 
Collinge, W. E., Eluma caelatum, 108; 

Isopods fr. Madagascar, 107. 
Coloburiscus humeral is ( Walk.), wing- 
veins, 153. 

Colpoda, Schrauk, mentd., 450. 

— cucullus, E htrnh., 453, 457. 

Colotois pennaria, 86. 

Colutnnaria , Lev., 305. 

— borealis, Lev., 305. 

Columnaria, Gold/., 305. 

Colymbus immer, M. T. Mriinn., courtship 
activities, 265. 

— stellatus, Pontopp., courtship activities, 

253-292. 

Comatella nigra, A. H. Clark , 232; distrib., 
231. 

— stelligera, A. II. Clark, 232 ; distrib., 

231. 

Comatula jacquinoti % J. Muller, 234. 

— pectinata, A. H. Clark, 233; distrib., 

231. 

— purpurea, mentd., 233. 

— solaria, Lam., 233 ; distrib., 231. 
Comanthns annulata, A. H. Clark , 233; 

distrib., 23 J. 

— luteofusea, mentd., 234. 

— parvicirra, A. H. Clark, 234; distrib., 

231. 

— polycnemi8, A. H. Clark , distrib., 281. 
Conchopoma gadiformis, Kner f , struc- 
ture, 198-201, 213-215. 

Coniston plankton, 421. 

Conocephalus conicus, Bum., mite on, 884. 
Gopromonss sp., 457. 

— subtilis, Dobell, 465. 

Cornucopina, Lev., 806, 827, 859. 

— grandis. Lev., 3P6. 

— infus£iibukta, Lev. f 806. 

Cornuspira, Schuttze, 610 
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Coxnuspira involvens, Reuss, 610, 

— selseyensis, Herons Alt. Sr Earl 610. 
Corycia coronata var. simplex, Pcnard , 452, 

470. 

— flava, Greef, 452, 470. 

Coryuoporclla, Hincks , 300. 

— tenuis, Hincks , 306. 

Corypliella rufibranchialis, 569, 570. 
Corystes, Latr., 31, 57, 58, 01. 

Corythion dubium, Tar an., 453, 473. 

— scbaudinni, Schussl 473. 

Coscinasterias calamnria, Peirier , 244 ; 

distrib., 229. 

C'oscinoderma pyrilorme, Lender} f., var. a, 
479,612,513. 

, var. 0, 479, 513. 

Cosiuonotus, W. Adams, 27, 61 . 

— Gr&yi, Adams $ White , 26. 
CothumieeUu, W. Thoms., 306. 

— dtednla, W. Thoms , 306. 

Courtship iu birds, 253- 292. 

Crab, mouth-parts, 115 142. 

Crane, courtship activities, 277. 
Craspedozoum, MacGill., 306, 339, 347. 

— ligu latum, MacGill., 306, 344. 

— membranipsroides , MacGill., 306. 

— roborutum , MacGill., 300, 345. 

— spicatum, MacGill., 306, 343, 344, 
347. 

Craterites, Heron- AIL Sr Earl.*, 611, G1 2, 
646. 

— rectus, Heron- All. # Earl. ♦, 611, 646. 
Crella schmidti , Kidl., 505. 

CrepiB, Jail., 306. 

— longipes, Julf., 306. 

Crinoidea from West Australia, 232-235. 
Crista, auett., 307. 

Crisis, Lamx., 306, 307, 308, 321. 

— appendiculata, 317. 

— boryi, Aud. (?), 316. 

— riliata, Lamx., 306, 307. 

— * cornuta, 317. 

— delUii, And., 308. 

— eburnea, Lamx., 306, 307. 
slogans, Lamx., 342. 

Cristellaria, Lam., 625. 

— gibba, Or5., 625. 

— rotulata, Brady, 625. 

Cristdaria, Gray, 306. 

—faitigiata, Gray, 306. 

Crustacea of the tarns, 425 ; mentd., 285.* 


Crustacean plankton of English Lakes, 
411-447. 

Otenodus, Agassiz +, structure, 188-199; 
mentd., 163, 171, 195-215. 

— cristatus |, 189, 195. 

— slogans +, 164. 

— ellipticus t, 164. 

— imbneatus f, 164. 

— “ interrupts Jlarktts”t, 172, 190-196, 

212. 

— murchisoni, Ward t, mentd., 196. 

— obliquus t, 104, 190. 

— sp . f, mentd., 176. 

— tardus, Fritsoh f, sp. dub., 196. 

— tuberculatus t, 166, 195. 

Cuckoo, courtship activities, 276. 
Cyclidium glaucoma, Ehrenb., 453, 457. 
Cydodorippe, 28, 54. 

Cyclops, O. F. Muell., in tarns, 425. 

— abyssorum, Sars, 421, 435, 436, 437 ; 

distrib., 414, 415, 418. 

— agilis, £och, 425. 

— c&pillatus, Sars, 438, 439. 

— crinitus Graet., 437- 439. 

— diaphanus, Fisch., 438. 

— fuscus, Schmcil, 425. 

— lacustris, G. O. Sars , 436, 437. 

— leuckarti, Claus, 425, 435 ; distrib., 

414-416. 

— nanus, G. O Sars, 425. 

— robustus, G. O. Sars, 434). 

— scutifer, G. O. Sars , 436, 437. 

— strenuus, Fisch., 436, 437. 

— vonustus, Norm. $ Scott, 425, 4*37, 

459. 

— vemalis, Fisch., 438, 439. 

— — var., 439. 

— vicinus, Ulj., 436. 

— viridis, Fisch., 425, 439. 

Cyclostomes, mentd., 285. 

Cylindrwcium, auett., 309. 

Cym bear emus monilipes, JIalb. *, 381. 
Cymbalopora, Hagen , 630. 

— millettii, Heron-All. &r Earl., 690. 

— poeyi, Brady, 630. 

Oymodoce, Leach , 14. 

— bicarinata, Stebh., 16. 

— longistylis, Micro, 16. 

— mammifera, Haste., 14. 

— pelsarti, Tatt. *, 15. 

— pilosft, M.-Edw., 16. 



656 


INDJBX 


Cymodoce zanzibarenais, Stebb., 16. 
Cymonomops, Ale., 28. 

Cymonomue, M.-Edw., 65. 

Cyplioderia ampulla var. vitreea, Wades, 

472. 

— ap., Schlumb., 468. 

Cyrtolcclaps mucronatus , Berl., 366. 

Dabchick, courtship activities, 263 et seq. 
DameBus, Rafin., 374. 

Dameoftoma maculosa, Warb. fy Pearce, 
380, 392. 

— minus, Paoli, var. lamellata, Halt.*, 

380, 392. 

Datniria australtensis, Dendy, 505. 

— schmidtt, Tops., 606. 

Damsel-dies, mentd., 143. 

Daphnia. O. F. Mu ell., 440, 

— cucullata, mentd., 418. 

— galeata, 421 ; distrib., 414. 

— hyalina, Leyd ., 441-444 ; distrib., 414- 

416, 418. 

subsp. galeata, Sant, 441-444. 

subsp. lacustris, Sars, 441, 442. 

f. lucernensis, Burch., 444. 

— lacustris, 444 ; distrib., 414. 

var. vicina, Rich., 443. 

— longispina, O. F. Mutll, 440-443. 

— pellucida, 441. 

— puJex, Lair., 441. 

— variabilis, Laugh., 441 . 

Dendoriceila schmidti, Hentsck ., 605, 479. 
Dendrobeania, Lev., 306. 

— murrayana, Lev., 306. 

Dendrocrinus, Hall., 96. 

Dendrodoris, Ehrenb., 560, 561. 

— lugubris, Ehrenb ., 660, 661. 

— mammosa, 523, 662, 578. 

— nigra, 623, 661; 

Dendrolttlaps bicomis, Hull, 366. 

— cornutus, Halb. *, 366. 

Dendronotus, Aid. § Haw., 644. 
Dendrophrya, S. Wright , 613. 

— radiata, 8. Wright , 613. 

Dendy, A., & L. M. Frederick, Sponges 
from Abrolhos, 477. 

Dercitopsis ceylonica, Dendy , 489. 

— mammillaris, Dendy , 479, 489. 

— minor, Dendy, 479, 489. 

Demaeella tubulata, Dendy, 503* 

Diacara, Budde-Lnnd, 108. 


Diaekoris, Busk, 806. 

— crvtali , Busk, 306. 

— hirtissima, Heller, 304. 

Diachoseris, Ortm., 306. 

— discodertnias, Ortm., 306. 

— hexaeeras , Ortm., 306. 

— magellanica, Ortm., 306. 

Diadema savignyi, Michelin, 248. 
Diaphanosoma brachyurum, Scour/., 42 5, 

426 ; distrib., 414, 415, 418, 423. 

— gracilis, 426. 

Diaptomus gracilis, G. O. Sars, 421-425; 
distrib., 414. 

— hircus, Brady, 435. 

— laciniatus, LtUjeb., mentd., 419. 

— laticeps, G. O. Sars, 4 22, 424, 425, 435 ; 

distrib., 414, 415, 418, 419. 

— wierzejskii, Rich., mentd., 419. 
Dicranodromia, M.-Edw., 51. 

Didymia', Busk, 295, 306, 307. 

— simplex, Busk, 306. 

DidymiA, Le Pell, fy Serv., 306. 
Didymozoum, Harmer, nom. nov. *, 296, 

306, 307, 323, 326, 359. 

— simplex, Harmer *, 306. 

DiiBugia constricta, Ehretib., 452, 467, 470. 

— fallax, Petard, 452, 470. 

— globulus, Duj., 462, 457, 470. 

— lucida, Penard, 452, 470. 

— pyriform is, Petty, 452, 470. 

Ditfusilina, Heron- AU. § Earl.*, 614, 046. 

— humilis, Her on- AIL $ Earl. *, 614, 046. 
Dileptus, Duj., mentd., 450. 
DimastigAmceba, Blochm 407. 

— gruberi, Schard 467, 469. 

Dimetojna, DC. [=Trachymene, Budge], 

299. 

Dimetopia, Bush , 299, 307. 

— cornuta, Bush, 307. 

— spicata , Busk, 307. 

Dimorphism in Ptychodera, 393. 
Dimorpbozouro, Lev., 307. 

— nobile, Lev., 807. 

Dinycbus carinatus, BerL, 377. 

Dix&ycura, Berl., subgen., 378. 
Diplodidymia, Reuse t, 307, 315. 

— alata, Reuftft t> 816. 

— complicate, Reuse, 307* 

Dipnoi, see Pateozoie Dipnoi. 

Dipterus," Sedg. $ Murvh,% mentd., 163- 
' 179, 190, 194, 200, 204, 215, 
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Dipterus platyceplinjus, Ag. t, structure, 
307-212, 215; mentd., 197, 199, 
205. 

— valenciennesi, Sedg. 4* Murch . f, 205- 

207 ; mentd., 21 1-212. 

Discorbina, Park . 4* Jones, 630. 

— araucana, Brady , 031. 

— baccatft, Heron- AIL Sr Earl r 631. 

— concinna, Brady, 630. 

— cora, Heron- All, 4* -BwJ. *, 630, 631 . 

— globularis, Brady , 631. 

— barmen, Heron- AIL 8f EarL , 633. 

— iaabelleana, Brady , 630. 

— l&uriei, Heron- All. Sr Earl *, 633, 634, 

647. 

— modi terranen sis, Heron- AU. Sr EarL, 

031. 

— nitida, Hewn- All Sr EarL , 630. 

— patelliforniis, Brady , 033. 

— polvstomelloides, ParA:. 4* Jones, 032. 

— pulvinata, Brady, 633, 646. 

— pyramidalis, Heron-All. S' EarL *, 034, 

647. 

— - luresceiiH. Brady , 632. 

— reniformia, Heron-AIL S' Earl, 632. 

— riinosa, 4* Jones, 632. 

— rosacea, Brady , 631. 

— rugnsa, Brady , 632. 

— tabernacularis, Brady, 633, 646. 

var. levis, Zi>A, 4* •SfcAwA, 634. 

— tabernacularis, Sideb., 633. 

— turbo, Brady, 031. 

— valvulata, Brady, 631, 682. 

— vilardeboana, Heron-AIL 4* 13fi#7. *, 631 . 
Distiproboscis of Chlorops, 407. 

Dittosaria, Busker, 307. 

— wetherellii, Busk t, 307. 

Diver, Red-throated, courtship activities, 
253-292 ; Black-throated, 205 et seq r. 
Dolabrifem, frVtfy, 534. 

— dolubnfera, Rang, 534. 

— pelsartensis, O' Don. *, 523, 584, 535, 

577, 578. 

Don&tia arabica, Tops., 495, 

— ylobostellata, Tops., 495. 

— mgalli, Dandy, 495. 

— Japonica var. albanensU, Ilentsch., 495. 

— multistella, Bendy *, 478, 495. 

— robusta, Bendy *, 478, 495. 

Doridicola, Leydig, 569. 

Boridojms, Aid. & Hauc., 561. 


Boridopsis gemmaoea, Aid. & Hanc., 561. 

— mammosa, auct., 562. 

— nigra, auct., 561. 

Boriopsis , Tease, 560, 661. 

— granulosa. Pease, 560. 

— mammosa , auct., 562. 

— nigra , auct., 561 . 

Dorippe lunata, M.-Edw., 47, 48. 
Doriprismatica, Orb., 553, 554. 

— atromarginata, Cuv. % 553. 

Boris lugubns , Gravenh., 561 . 

— mammosa, Abrah., 562. 

— nigra , Stimp., 561. 

— pallida , Rupp. 4c Leuck., 553. 

Doto coronata, 569. 

Dove, courtship activities, 275, 285. 
Dragonflies, mentd., 1 4*3. 

Drammenia, 7%or, 387. 

— crassipalpis, Thor, 387, 392. 

— elongata, Thor, 387, 388. 

Dromia, Fabr., .31, 33, 36, 37, 44, 51. 

— vulgaris, Bonder, 81, 35. 40. 42, 50, 77, 

78. 

Drosophila, Fall., 88 ; courtship activities, 
270. 

Ducks, courtship activities, 2JX). 
Duvaucelin, Bisso, 543. 

Dynamena, Lee., 307. 

— barbata, Lev 307. 

Echinocardium cordatuni, Gray, 251 ; 
distrib,, 229-2**10. 

Echinoderms from West Australia (Clark), 
229-251 ; mentd., 285. 

Echinodictyum bilamellatum, Etdl., 479, 
504. 

— elegans , Halim., 504. 

Echinoidea from West Australia, 248 -251. 
Echinometra mathaei, Blainv 250; 
distrib., 232. 

— selosa, Leske, 248. 

Echinonema vasiplicata, Carter, 504. 
Echinospira, Krolm, 92, 93. 

Echinus, Linn., 96. 

— eordatus, Pennant, 251, 

— erythrogrammus , Valenciennes, 250. 

— gratilla, Linn., 249. 

— mathaei, Blainv., 250. 

— ftallidus, fj&ui., 249. 

Egret, Snowy, courtship activities, 2U5 et 
seq. 
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Ehrenbergina, JReuss, 628. 

— senate Reuse, 628. 

Elasmopus, A. Cotta, 8. 

— pectinicrus, 8. Bate , 9, 10. 

— serrula , Walker, 9, 10. 

— subcarinatus, Chili., 2, 9, 10. 

Eluma, Budde-Zund, 108, 104. 

— cmlatum, CoUinge , 108-106. 

— helleri, Verhoef, 106. 

— purpurascms, Budde-Lund, 103, 104. 
Emma, Gray, 807, 318, 825, 827, 329, 

856. 

— bnskii, Harmer *, 857, 369. 

— cervicornis, MacGill 367. 

— crystalline, Gray, 307, 857. 

— cyathus, Harmer *, 857, 369. 

— trscellata, Busk, 357. 

Enchelys faroimea, Ehrenh 457. 

— sp., 453, 457. 

Encionema australiensis , Sollas, 492. 
Encyrtid, mentd., 225. 

English Lakes, Crustacean plankton, 411- 
447. 

Ennerdale Plankton, 420, 421. 

Entosiphon sulcatum, Stein, 452. 
Entosolcnia lineata , Williams, 628. 
Ephemera, wing-veins, 152. 

Epicranial suture of Chlorops, 899-408. 
Epicrtus lalaptoides, Berl., 870. 

Epipharynx of Chlorops, 407, 408. 

Episeius, Hull, subgen., 371, 37 2, 378. 

— italicus, 884. 

Epistomia, JFfem., 807. 811, 814. 

— bursaria, Flem., 807. 

Erannia eescularia, Schiff., 86. 

Ergasilus, Nordm 569. 

Erins, Swatruon, 807. 

Erina, Canu, 807. 

— fHxtaffontca, Canu, 807. 

Erisocrinus, Meek, 95. 

Eiylus proximus, Bendy, 478, 494. 
Esrharajistuloaa, L., 803, 808. 

— foUacea, Linn., 310. 

— papyrea, Pall., 801. 

Esperella plumose, 479, 503. 

E»i#ria parasitica, Carter, 502. 

Eucratea, Lamx., 30 7, 810, 311, 314. 

— appendiculata , Lamx., 317. 

— cordwrt, Aud., 305, 

— cormd$, Lamx., 307. 

— iafontU, Aud., 298. 


Eucratea lorioata, Lamx., 807, 812, 817. 
— - vesiculosa, HamuLf 805. 

Eucratia, Flem., 808 = prsec. 

Eugamasus loricatus, Wank., 864. 
Euglena, Ehrenh., in Spitsbergen, 450. 
Euglypha ciliata, Ehrenh., 458, 471. 

— las vis, Perty, 458, 457, 472. 

— strigosa, Leidy, 458, 457, 471. 

f. g abra, 457. 

— — var. glabra, WaiUs, 453, 471. 

— tuberculata, Duj., 458, 472. 
Euoplozoum, Harmer *, 295, 808, 859. 

— cirratum, Harmer *, 808, 326. 
Eupagurus, Brandt, 31. 

Euphrurus/ i&x/fn., 564. 

Euryale aspera, Lam., 246 ; distrib., 230. 
Eurystheus, Bate , 10. 

— afer, Stebb., 11. 

— atlanticus, Stebb., 2, 10, 11, 18. 

— gardineri, Walker, 1 1 . 

— lamellatus, Baird, 425. 

— seylanicus, Walker, 10, 11. 
Eusthenopteron t> mentd., 215. 

Euthyris bombycina , Busk, 808. 

— episcopalts, 808. 

Euthyris, Hincks, gen. dub., 308, 816. 

— obtecta, Hincks , 308. 

Euthyroides, Harmer, 308. 

— episcopalis, Harmer, 308. 

Evolution of Courtship in birds, 253-292. 
Eyes of Chlorops, 405. 


Falcaria, Haworth, 308. 

Falcaria, Oken, 308. 

— anguina , 308. 

— comuta, 308. 

— ebumea, 808. 

— faloata, Oken, 308. 

Farcimia, Mem., 308. 

— fistulosa, Flem., 808. 

— oculata, Waters, 808. 

— sinuosa, Hass., 802, 808. 

— salicomia, Hass., 802. 

— spathulosa, Hass., 803. 

Farciminaria, Busk, 809. 

— aculeate, Busk, 809. 

— atlantica , 805. 

Female genitals of Lyctus, 585-560; 

reproductive organs in Coleoptem, G9L 
Filicella, A Woodf, 809, 
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Filicella anguinea, 8. Wood (P), 309. 
Fisdherina, Terg., 610. 

— pellucida, Millett , 610. 

Fishes, mentd., 285. 

Fissurina bicarwata , Terq,, 624. 

— ksvigata , Reuse, 624. 

Fistulana , 0. F. Muell., 309. 

— longicorttis, 0. F. Muell., 309. 

— multicornis , O. F. Muell., 809. 

— muscoides, 0. F. Muell., 309. 

— ramosa , O. F. Muell., 309. 

— simplex , O. F. Muell., 309. 

Fistularia, Linn., 809. 

FlabeUaria, Gray, 309. 

- setaeea, Flern,, 309. 

— spiralis, Gray, 809. 

Flabellaria, Lam., 309. 

Flabellaris (pars), Waters, 310, 339. 

— JlabeUum , Waters, 310, 840. 

— roborata (pars), Waters, 810, 346. 

var. Hgulata, Waters, 844. 

Flabellina, Lev., 310, *139. 

— roborata, Lev., 310, 345. 

Flabellina, Voigt, 310. 

Flagellates, food of Daphnia, 416. 

Floutern Tarn, Crustacea, 428. 

Flustra, Linn., 310, 811. 

— abyssicola , G. O. Sara, 315. 

— acantkina , Qitoy & Gaim., 304. 

— bisenata , Busk, 312. 

— hotnbt/cina, Ell. & Sol., 308, 814. 

— carbasea, Ell. & Sol., 301. 

— foliacea, Linn., 310. 

— membraniporoides , Busk, 806, 345. 

— militaris , Waters, 317. 

— murrai/ana , Bean, 306. 

— nobiUs, Hincks, 307. 

— popyracea, Ell. & Sol., 304. 

— reticulum, Hincks, 315. 

— setaeea, Mem., 309. 

Foraminifera of Iiord Howe Island, 599- 
646. 

Frew, J. G. H., Morphology of head of 
Chlorops, 399-410. 

Fromia andamanensis, Koehler, 239 ; 
distrib., 232. 

— elegans,2f. L . Clark, 240 ; distrib., 232. 

— niilleporellu, Gray, mentd., 240. 
Frondicularia, Defr., 625. 

— scottai, Heron- £U. % JSarL, 625, 646* 
Fronto-ciypeus of Chlorops, 408. 


Galathea, Fabr., 31. 

Galvina viridula, 570. 

Gamasellus granulatus, Kalb 364, 391. 

— mucronatus, Kalb. *, 365. 

— subnudus (P), Seri., 365, 391. 

Gamasus bieomis , Kram., 376. 

— crassitarsis, Kalb. *, 363, 391. 

— haUeri, G. & R. Can., 369. 

— magnus, Kram., 864. 

— mucronatus, G. & R. Can., 365. 

— oudemansi, Seri., 364. 

— remiger, Kram., 374. 

Gammaropsis atlantica , Stebb., 10. 

— gardineri, Walker, 10. 

— zeylanicus, Walker, 10. 

Gammarus tenellus , Dana, 8. 

Gannet, courtship activities, 278. 

Garstang, W. f Recapitulation, 81-101. 
Gaudryina, Orb., 620. 

— rugosa, Orb., 620. 

— scabra, Brady , 620. 

Gemellaria, Sav., 314. 

Gemellaria, van Bened., 310-312. 

— avicuhris , Piep., 31 7. 

— loriculata , Blainv., 310. 

Gemicellaria, Blainv., 310. 

— bursaria, Blainv., 311. 

— loriculata, Blainv., 810, 811. 

Geuital system of Lyctus brunneus, 581. 
Gilchrist, J. 1). F., Dimorphism in Ptycho- 

dera capensis, 393-398. 

Gill, E. L., see Watson, 1). M. S. 
Gleditschia tri&canthos, Linn., mentd., 
217. 

Glenodinium, JS ! hr mb., in Spitsbeigen, 
450. 

Globigerina, Orb., 627« 

— bulloides, Orb., 627. 

— cretacea var. eggeri, Heron- A U. $ Earl., 

627. 

— rubra, Orb., 628. 

— triloba, Reuse, 627. 

Glosses of Chlorop*, 408. 

Glossodori8, Ehrenb ., 553, 554. 

— elisabetbina, 570. 

— pallida, 558. 

— westraiiensis, O'Don., 554, 577, 579. 

— xaniholeuca, Ehrenb., 553.' 

Goats Water Crustacea, 424. 

Goldcrest, courtship activities, 277. 
Qoniobranchus, Pease, 553. 
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Goniobranchus vibrato, Pease, 668. 
Goniodoris, Forbes, 658, 664. 

Gouodontis bidentata, 86. 

Gonostomum affine, Stein, 457. 

Grantiopsis cylindrica, Bendy, 477, 618. 
var. frnticosa, Bendy *, 477. 

— infrequens , Bendy & How, 488. 
Graphiocrinus, Hon., 96. 

Graptoleberis testudinaria, 425. 

Grebe, courtship activities, 263 et seq. 
Grimmia commutata, Hueb., 451. 

Grubia, Csern., 12, 18. 

— brevidactyla, Chev., 13. 

— setosa, Stebb ., 2, 12. 

Guillemots, courtship activities, 267, 281. 
Gulls, courtship activities, 281. 

Gurney, It., Crustacea of English Lakes, 
411-447. 

Gymnopleura, Bourne *, 55. 

Gypsina, Carter, 637, 639. 

— globulus, Brady, 638. 

— inhmrens, Brady , 637, 647. 

— rubra, Heron-All. # Furl., 638. 

— vesicularis, Brady, 638. 

Gyrinus, Linn., 67. 


Haddonia, Chapni., 615, 616. 

— torresiensis, Chapin., 615, 046. 

Halbert, J. N., Acari, 363-392. 
Halichondria phakellioides, Bendy *, 478, 

498,519. 

HalophUa, Gray, 31 1. 

— johmtonce , Gray, 311. 

— johmtonia , Gray, 311, 
llaplocrinus, 97, ftnote. 

Haplophragmium, Reuse, 618. 

— anceps, Brady , 614. 

— canarienae, Brady , 613, 

— compressum, Goes, 613. 

— emaciatum , Brady, 613, 

Harmer, Sir S. F., Cellularine Polyzoa, 
293-361. 

Ilartmanella hyalina, Alex., 452, 457, 469. 

— sp. a, CutL, 452. 

Ilauerina, Orb., 609. 

— compressa, Orb., 609. 

— ornatissima, Brady, 609. 

Head capsule of Clilorops, 399-410, 
Heliocidaris erythrogramma, Agassiz # 
Besor, 250 ; dietrib,, 229, 232, 


Heliocidaris tubercnlata, raentd., 260. 
Helkesimastiz feocicola, Woods. $ Lep ., 452, 
457,461. 

Hemichordata, 393. 

Hemipeneus spinidorsalis, 45. 

Heptagenia, mentd., 161. 

Hermannia arrecta , Nicol., 381. 

— granulata,H icol., 381. 

Herman niell a granulata, Hath.*, 381. 
Heron- Allen, E., & A. Earland, Foramini- 

fera of Lord Howe Island, 599-646. 
Herons, courtship activities, 265 et seq. 
Herpetomonas, Kent, 460. 

Heterocella, Canu t, 311. 

— fragilis, Canu t, 811. 

Heterqflustra, Lev., 311. 

Heteromita, 458. 

— globosa, Stein, 450, 451, 457, 458. 

— lens, MueU., 452, 457, 458. 
Heterostegina, Orb., 641. 

— depreasa, Orb., 641. 

Hexabranchus, Ehrenb., 545. 

— imperialis, Kent, 523, 545, 546, 577, 

578. 

— prffitextus, Ehrenb ., 545. 

Hiantopora, Mae Gill., 31 1 . 

— ferox, Mac Gill., 311. 

Hickson, S. J., Two Sea-pens from 
Abrolhos, 21-23. 

Highlow Tarn, Crustacea, 424. 
Hiinantnzoum, Harmer *, 295, 311, 326. 

— leontodon, Harmer # , 311, 

— iuargaritifera, Harmer *, 311. 

— mirabile, Harmer *, 811. 

— sinuosa, Harmer *, 311, 312. 

Ilippa, Fabr., 31, 56. 

Hippospongia intestinalis, Bendy*, 479, 
511, 

Hircinia sp. ?, 502, 

Holocladina pustulifera, Carter, 638. 
Holopedium gibberum, Zadd., 412, 414- 
416,418,421,422,440. 

Holopsamma crasea, Carter, 51 1. 

Holopus, Orb., 97. 

Holostapis vagabundus , Berl., 366. 
Homarus, Edw., 39, 48. 

Homolodromia, M.-Edw., 61. 

Hoplitella, Lev,, 312, 

— armata, Lev., 312, 

Humming-birds, courtship activities, 277, 
'278. 
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Huxley, J. S., Courtship activities in the 
the lied-thro&ted Diver ( Coly tubus 
stellatus, Pontopp.), 253- 292. 
lluxley a, Dyster, 312. 

— fragilis, Dyster, 312. 

Hyalosphenia minute, Cash, 457, 471. 

Hy hernia, Lair., 88. 

— aurantiaria, 88. 

— defoliaria, 88. 

— margisaria, 88. 

Hybocrinus, Bill, 94. 

Hydracarina, 387, 389. 

Hydryphantes, 388. 

— bayeri, Pisar., 389, 392. 

— bayeri [var.] nonuadnlata, Viets, 389, 

392. 

— crassipalpis, Bum., 389. 

f. lacustris, Halt.*, 389, 392, 

— dispar, Halb*, 389, 892. 

— placationis, Thon, <‘$89, 892. 

— planus, Thon, 389. 

— prolongatus, Thon , 388, 8*9, 39*2. 

— ruber, De Geer , 388, 389, 392. 
Hyocrinus, Sedgw., 97. 

Hypmim, Linn., 5 spp., 451. 

Hypoaspis aeuleifer \ Can., 387. 

— subglabra , Oudem., 373. 

Jlypoyrantia infrequent, Carter, 485, 4*6. 
Ilypopharyux of Chlorops, 406. 

Ldalia aspersa, 599. 
ilia nucleus, 54. 

Insects, Primitive, mentd., 285. 

Internal avicularia, 318. 

Iphis halleri, Berl., 369. 

India, Heron-All* Earl., 012. 

— diaphana, Heron- AU. $ Earl ., (512. 
lsmalia monstrosa, 571. 

Isodictya per mollis, Bowerb., 497. 
laoetes, Linn., in tarn, 423. 

Isopoda from Abrolhos, 1. 

Isopods, terrestrial, 103, 107. 

Jubella, Jull.t 312. 

— enucleate, JuB., 312. 


Kalykentercn elegant, Leudeul*., 504. 

— tiles, Lendenf., 504. 

Kenella, Lev., 311,312. 
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Kenella biseriata, Lev., 314. 

Kentrodoris maculosa, 523. 

Kestrel, courtship activities, 285, 289. 
Khaya, A. Jtm ., sp., mentd., 217, 219. 
Kinetoskias, Kor. Sr Han , 305, 312, 359, 

— nrabianemit , Roberts, .‘508. 

— arboresoens. Han., 812. 

— cyathus, 326. 

— smithi, Dan., 312. 

— smittii, Dan. (emend.), 312. 

Kingfisher, its brilliant colouring apo*e- 

matic. 288. 


Isabella* of Chlorops, 408. 

Labidostoma comnta , 379. 

— luteiim, Kram ., 379. 

Labium of Chlorops, 400. 

Labium of Chlorops, 404. 

Lmlaps aculeifer, Can., 3(57. 

— agilis, C. L. Koch, 3(57. 

— limbriatus, Halb.*, 368, 391. 

— halleri , G, Can., J569. 

— latistemus, Halb .*, 307, 391. 

— simplex, Halb 308, 391. 

— stabulasis, C. L. Koch, 367. 

Lafoea lafoyi, Blainv., 317. 

— cornuta, Lamr., 317. 

Lagena, Walk. 4r Hoyt, 023. 

— annectans, Burr. Sr Roll . , 62 1. 

— bicarinata, Millet t, 624. 

— clathrata, Brady, 024. 

— lrovigata, Brady , 024. 

— Levis, Williams., 624. 

— lineata, Brady , 023. 

— margin a ta, Brady , 02 L 

— squamosa, Cuthm 024. 

Lakes, English, crustacean plankton, 41 1- 
419. 

Lamellaria, Oken, 92, 93. 

Lamprometra gyges, A. H. Clark , 284; 
distrifa., 231. 

Laplytia , Linn., 527, 528. 

— depilans, Linn., 528. 

Lasioseius, 363. 

— glaber, Berl., var. curtipes, Halb. *, 370, 

391. 

var. minor, Triidy., 370. 

— gracilis, Halb.*, 369, 391. 

— italicus, Berl., 371, 372, 378, 374, 

392. 

17 



662 


INDEX. 


Lasioseius laelaptoides, Halo,*, 870, 871. 

— major, Hath*, 871-878, 892. 

— roiehaeli, IlaW.*, 871-878, 802. 

— min use ulus, Berl., 874. 

— minutu'j, Berl., 874. 

— uiuricatus, C. L . Each , 370, 371. 

— ometes, Oudem., 370, 391, 392. 

— sphagni, Hath*, 371, 391. 

— subglaber, Halb* 373, 374, 392. 

— tenuipes, llalb 371 373. 

Lasius ilavus, Mayr , 379. 

— inixtus, Mayr % 367. 

— niger, Fabr., 379. 

Law, biogenetic, 81. 

Leiosoma pahnictnelum, Mich., 370. 
Lelapia, 477. 

— antiqua, Dendy*, 487, 519; mentd., 

478, 479. 

— australis, Carter, 488, 489. 

— nippanica , 479, 488, 489. 

Lenticutites complanafa , Defr., (341. 

— rotulata, Lam., 025. 

Lepralia ferad *, MacGill., 311. 

Leptodora Irirjdtii, LiUjeh ., 42! ; distrib., 

414.415,417,410. 

Leptomonaa jaculans, ifr/7., 400. 

Leucnltis clathria, llac<k., 477, 483. 
Leucandra mierorhaphh , Dendy, 482. 
Leucetta cbagosensis, Dendy, 477, 482. 

— microraphis, Ilaeck.. 477, 482. 

— jwimigenia var. micraraphi k, Ilaeck., 

482. 

Leuconia dura , Polej,, 482. 

Jieucosia, Fabr., 26. 

Loucosoleuia grisea, Dendy *, 480, 477, 
618. 

— protogenes, Ilaeck. , 477, 480. 

Leucothoe, Leach, 6. 

— spinicarpa, C'/u/f., 0. 

Levers Water, Crustacea, 423. 

Liacarus palmicinetum , Mich., 879. 

Limnicy there incisa in Africa, 420. 

— inirabilis in Switzerland, 420. 
Limnoc&lanus grimaldii, Gucrne, 427- 

435. 

— macrurus, G. O. Sara, 421, 426-430, 

447; distrib., 414, 415, 418, 420. 
Liriope , Gist el, 542. 

Lithodes, Latr 28, 56. 

Littorella, Berg., abundant in tarns, 
423. 


Lituola cenomana , Carp., 614. 

Litnolina irregularis var. compressa, Goes, 
013. 

Ljania bipapillata, S. Thor., 388. 

Lobelia, Linn., in tarns, 423. 

Locust tree, mentd., 219. 

Lnmauotus genei, 570. 

Lord llowe Island For&minifera, 699- 
646. 

Lori ear ia, Linn,, mentd., 310, 312. 
Loricaria , Lamx., 312. 

— cegyptiaea, Aud., 310, 317. 

— amcricanu, Lamx., 312. 

— europaa , Lamx., 312. 

Loricula, Curtis, 312. 

Loritula, Templet., 312. 

— loricata, Templet., 312. 

Low Water Crustacea, 423. 

Luidia maculata nustralire, Diiderlein , 235 ; 
distrib., 229-280. 

Lyrtus brunneu8, Stcplt., method of ovi- 
position and the egg of, 217-227 ; 
genital svst., 581-597. 

— canalicuUdm , Fabr., 217, 218, 581. 

— cnrbonaritis , Waltl., 216. 

— eavicollis, Lee., mentd., 224. 

— linearis, Go'ezt . 224, 590; mentd., 217- 

222. 

— oblongus , Oliv., 217. 

— parallelopipedus, Mrish., mentd., 224. 

— planicollis, Le Conte , mentd., 218- 

225. 

— pubescens, Panz., mentd., 218. 

— sp., mentd., 218. 

— striatus , Melsh., 217. 

— unipunctatus , Herbst, 217. 

Lyprobius cristatus, Badde-Lund, 107. 
Lyre-bird, courtship activities, 277. 
Lyreidus, 26, 31-79. 

— clianueri, Wood- Mason, 26, 60. 

— tridentntus, do Haim, 25, 20, 30, 64), 

77—70. 


M&ci ocheles, Bert., subgen., 360. 

— vagftbundus, llalb.*, 306. 

Madagascar, Two isopods from, 107. 
Madrella ferruginosa, Aid. $ Hum., 

528. * 

Msera, Leach, 8. 

— mastersii, Stebb., 9. 
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M»ra tenella, Walker , 2, 0. 

sjnnosa, flasw., 8. 

Mahogany, mentd., 217, 219. 

Male genitals of Lyctus, 583-585. 
Mandibles absent from Chlorops, 100. 
Maplestonia, MacGill., 312. 

— cirrata, MacGill., 312. 

Matuta, Hartm., 68, 07. 

Maxillary palps of Chlorops, 409. 

Mayflies, wing venation in, 143-102. 
Mediprobotcia of Chlorops, 407. 
Megalichtliys, Ay ass A, mentd., 211-212. 
Megalopnstes areniflbrosa, heady *, 609, 

479. 

Megamcera mastersii ’, Tlasw., 9. 

— mbcannata , Ilasw., 9. 

— thompsoni, Miers, 9. 

Megapus giblvripalpis, Pier#., 8SS. 
Melicerta, Schrank , 31/. 

Melicerita, M.-Edw 313. 

— charlesworthii , , Orb., 313. 

— elnirlesworthii, S. Wood , 313. 

— dubia, Busk, 313. 

Meficertina, Khrenb., 313, 317. 

Melosira, Syr eng., food of Daplinia, 410. 
Membranioellaria, Lev., 313. 

— dubia, />#?., 313. 

Membranipora magnilahris , Husk, 304. 

t — rohorata, Ilincks, JK)(>, 310, 346, 347. 

— spinosa, Quoy & Gaiiu., 304. 

Menipea, Lamx. (pars), 348, 363, 350. 
Menipea, Lamx., 300, 313, 315, .‘133, 339, 

340, 358; bifurcation, 321, 324-326, 
328-330; Crtispedozoum group, 339. 

— aculeata, Husk, 355. 

— apicata, Manner *, 343-340. 

— henemunita , Busk, 300, 331, 334. 

— hnskii , AY. Thoms., 357. 

— buskii, Waters, 313. 

— eerviconm, MacGill,, 357. 

— cirrata, Lamx., 313. 

— cirrata, Busk, 389, 340. 

— cirrhata , Lamx., 313. . 

— clausa, Busk, 351. 

— compacta , Ilincks, 354. 

— crispa, Marcus, 313, 340, 359. 

— crystaUina, MacGill., 357. 

— cyathus, W. Thoms., 357. 

— duplex , Lev., 352. 

— fasciculate) MacGill., 335. 

— - flabellum, Laim., 313, 340. 


Menipea JlaheUn tn, Busk, 310,340. 

— tbigelliferu, Busk, 313. 

— fmyensi * , Busk, 350. 

— funiculata, 831. 

— gracilis, Busk, 354. 

— gracilis, Norm., 804. 

— i p ff re y*U \ > Norm., 351, 352. 

— Jigulata, Leo., 319, 844-340, 300. 

— hnyispinosa, Yan. & Ok., 350. 

— marginal a , Ilincks, 332. 

— inaroniuuMS, Bask, 318, 841, 342, 347, 

8.00, 301. 

— maroniensis (par*), Busk, 835, 330, 

341. 

— multiseriala, Busk, 347, 348. 

— occidentals, Trask, 354. 

— oruatu, 340. 

— patagonica, Busk, 821 . 341 . 

— pate ri for mis, Busk, 339. 

— pribilofi , Robertson, 854. 

— quudrata, 342. 

— robomta. Lev., 818, 319, 343-340, 34S, 

300. 

— smittii , Norm., 852. 

— spicatu, 319. 828, 859, 300. 

— sympodta, Yan. k Ok., 355. 

— ternata . ilincks, 354. 

— tried lata, MacGill., 357. 

— triseriata, Busk, 319, 341, 342, 347, 359, 

301. 

— vectifera, Manner * 295, 319, 339, 340, 

348, 300. 

Mesepliemera cellulose. (Uagen)\, wing- 
veins, 151-152. 

Metazoa, 83. 

Miliolinu, Williamson, 004. 

— auberiana, Brady, 007. 

var. semireticiiluta, Heron- A U. $ 

Earl*, 007, 040. 

— bertheliniana, Brady , 005. 

— bicostata, Goes, 007. 

— bosciana, Millctt 000. 

— circulars, Brady , 004. 

— contorta, Goes, 008. 

~ - cultrata, 005. 

— cuvieriana, Brady, 007. 

— dilatata, Heron-AU . £ Earl., 004. 

— ferussacii, Brady, 608. 

— fichteliana, Brady, 405. 

— fusen. Heron- AIL Earl., 008. 

— kerimbfttica, Heron- AIL # Earl,*, 008. 
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MUiolina labioea, Brady, 004. 

— laevigata, Heron- AIL Sr Earl., (500. 

-- linn roans, Brady, 609. 

— oblongs, Heron- AU. <$• Earl. , 600. 

— parkcri, Brady , 008. 

— reticulata, Brady, 008, 

— rotunda, Millet , 006. 

— - schatdnslandi , Khurnbl., 601. 

— semi nuda, Heron- All. # Earl., 605. 

— aeiniuuluiii, Brady, 606. 

— stelligera. Heron- AIL $ Earl. , 009. 

— striata, Heron- All. § Earl., 609. 

— suborbicularia, Millet, 605. 

— subrotunda, Brady , 605. 

— triangularis, Jones, Pwkvr <$• Brady, 

(507. 

— tr.carinftta, Brady , 605. 

— - trig-on ula, Brady, 605. 

— imdowi, Brady, 007. 

— undulata, Heron- AU. Sr Earl*, 007. 

— Anlvularis, Brady, 604. 

— vulgaris, Heron- All. fy Earl., (506. 

— webbiuna, Heron- A 11. Earl.. (505. 

Miliolite* plannlata , Lam., 008. 

— friyvnula , Lam., 605. 

Miliuloculina undulata, Heron-All. X' Earl., 

60S. 

MiHepora miniaeea, Pall., 080. 
Milleriermus, Orh., 95. 

Mol go crislatus, 424. 

Mononota, Piep,, 318, 817. 

Monsella, Cana t, 616. 

— eocena, Canu +, 616. 

Moorhen, courtship activities,' 28*1. 

Morariu brevipes, G. (). Sam, 437. 

Morgan, Miss A., her theory of wing- 

veins in Dragonflies criticised, 146i 
161. 

Morphology of head of Chlorops, 699. 
Mortensenia, Ddderlem, mentd, 250. 

— oblong a, IKklerlein, 250. 

Mouth-pai-ts of Chlorops, 699-410; of 

Crab, 115-142. 

Mus sylvaticus, Linn . [Sphalm. sylvestris], 
667. 

Mycetobia, Meig 403. 

Mycetopliila, Meig., 403. 

Myonyssus decumanua, Ttrab 607. 
Myriophyllum, Linn., in tarn, 423. 

Mysis oculata, 433. 

— >relicta, 420, 433. 


; Naegleria gruberi, Alex., 469. 

| Nagara cristata, Budde-Lund , 107, 

| Nannonyx kidderi, Chiit., 3. 

* Narnia, W. Thame., 813. 

— oyathus, W. Thoms., 316. 
j Nassula, Ehrenb., 450. 

I Nautilus becoarii, Linn., 637. 

— erispus, Linn., 640. 

— depressulus , Walk. & Jacob, 689. 

— It batulns, Walk. & Jacob, 635. 

— maeellns, Ficht. & Moll, 640. 

— melo, Ficht. & Moll, 612. 

— pertusus, Forsk., 610. 

— repandus , Ficht & Moll, 666. 

— striatm-punctatus, Ficht. & Moll, 040. 

— umbilicatulus, Mont., 640. 

Nebela collaris, Leidy, 458, 454, 471. 

— lageniformie, Penard, 457, 471. 
Necromantes, Gistel, 542. 

Nectria macrobrachia, H. L. Clark*, 266: 
distrib., 230, 282. 

— ocellata, Perrier, mentd., 287. 

— ocellifera, Gray , mentd., 287. 

Nelli a, Busk, 314. 

— oculata, Busk. 308, 614. 

— simplex, Busk, 814. 

— tenclla, 31 1. 

Xembrothn, Beryh, 567, 568, 569. 

— nigerriina, Beryh, 567. 

— purpureolineata, O' Bon., 523, 568, 578, 

579. 

Neoceratodtis f order i t, 179. 

Xeogenetic and neomorphic, use defined ,99. 
Xeophyllobius elegans, BerL, 684. 

— saxatilis, Hall.*, 884, 892. 

Xepbrops, Leaeh, 32, 45, 40. 

— norvegicus, 39, 41, 45, 78. 

Nightingale, courtship activities, 263. 

N ole 11 a, Gosse, 809. 

Nomenclature of Polyzoa, 294, 297-317. 
Nonionina, Orb., 639. 

— canurmms, Orh., 013. 

— depressula, Brady, 639. 

— pauperata, Balk. § Wright, 040. 

— umbilicstula, Brady, 640. 

Notamia, Busk, 307. 

Notamia, Bqfin,, mentd., 314. 

Notamia, Flem., 314. 

— bursaria, Flenu, 814. 

— loricata, Flem., 814. 

Notaspis lacuatrie, Michael, 4. 
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Notaspis monilipes , Midi., 381. 

Notodoris, Bergh, 564, 500. 

— citriim, Bergh, 504, 567. , 

— gardineri, Eliot, 523, 505, 607, 578. 579. 

— minor, Eliot, 667. 

Xotoplites, Harmer *, 295, 314, 325, 327, 
329, 330, 339, 343, 347, 348, 358. 

— antftrcticus, Harmer*, 352. 

— avicularioe, Harmer # , 351. 

— biloba, Harmer *, 350. 

— craterifonnis, Harmer *, 350. 

— d rygal.sk ii, Banner *, 352. 

— elongatus, Harmer # , 351, 353. 

— jeffroyttii, Harmer *, 351. 

— marsupiatua, Banner *, 351, 352. 

— nonnani, Harmer *, 353. 

— perditua (?), Harmer *, 353. 

— rostratuM, Harmer *, 295, 348, 348, 

359. 

— simplex (?), Harmer •, 353. 

— smittii, Harmer *, 352. 

— tenuis, Harmer *, 352. 

— vunhuffeni, Harmer *, 353. 

— watersi, Harmer *, 35:?. 

Notopoides, 58, (SO, 07, 08. 

— latus, Headers., 26, (»0. 

Xotnpus, llaan, 31, 32, 41-79. 

— lleyrickii f, 52. 

— doraipes, Fabr., 25, 31, 48, (SO 79. 

— ovalia, Benders., 26. 

Notoseeles, Bourne *, 25, 48.50, 58, 00, 07, 
70 ; genus descr., 73. 

— chiramonia, Bourne *, 25, 31, (SO, 74, 

77-79. 

Nubecularia, Deft ,, 601. 

— bralyi, J/iY/etf, 601. 

— injiata, Brady, 601. 

— lucifuga, Hefr., 601, 646. 

— schauinalandi, Heron-All. 4 Earl*, 601, 

(U6 j mentd., 699, 600, 602. 

Xudearia simplex, Cienk., 467, 473. 
Nympbrea, Zt»n., in Highlow Tarn, 424. 


Oak, “ Wainscot,” mentd., 219. 

Occiput of Chlorops, 406. 

Ocelli of Cbloropa, 405. 

Odonata, mentd., 144. 

O’Donoghue, C. H., Opisthobranchiata 
from AbcqUuM, 621. 

Oicomonas termo, Mmt, 462, 467. 


Oligometra carpenteri, Bell, mentd., 235. 

— serripinna, A. H. Clark , 235 ; diatrib., 

231. 

Onchidiopsis, Beryh, 92. 

Ouchoporella, Busk , 308, 314, 316. 

— bombycina, Busk, 314. 

— buskii, Harmer *, 295, 314. 

— diaphana, Busk , 314. 

— ligulata, Busk , 314. 

Oniscigaster distans, Eaton , wing-reins, 
153, 158, 161. 

Ontogenies, phylelic succession, 83. 
Operculina, Orb., 041. 

— complanata, Orb., 041. 

Opbiactis savignyi, Ljungman, 246 ; 
diatrib., 229, 232. 

Ophiocoma brevipes, Peters, distrib., 232 ; 
mentd., 247. 

var. varies at a, H. L. Clark, 247. 

— dentata, mentd., 247. 

— diiderleini, mentd., 247. 

— insulnria, mentd., 247. 

— rariegata, E. A. Smith, 247. 

Ophiolepts imbricata , Muller & Troschel, 

248. 

— savignyi, Miiller & Troschel, 240. 
Oplnonereis porrectn, Lyman , 247 ; diatrib., 

232. 

Ophioploeus imbricate, Lyman , 248 ; 
diatrib., 232. 

Opkiotlirix longipeda (Lam.), diatrib., 232. 

— michaelseni, Koehler, 246 ; diatrib., 2:50, 

232. 

— spongicola, Stimp., 246 ; diatrib., 229, 

230, 232. 

— stelligera, Lyman, 247 ; diatrib., 230, 

232. 

Ophiuroidea from West Australia, 246-248. 
Oplirydiuni, Ehrenb. ?, 460. 
Opistkobronchiata from Abrolhos, 521. 
Opisthograptis cratasgata, 86. 

Orbit olina spheendata, Park. & Jones, 
638. 

— resiculans, Park. & Jones, 638. 
Orbitolites, Lam., 610. 

— complanata, Lam., 611, 612. 

var. plieata, Lam., 011. 

— duplex, Carp., 610. 

O vipoaition and the egg of Lyctus brunneus, 
Steph., 217-227. 

Ovipositor of Lyctus, 666-695. 
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Oribata lucasii, Xic., 384. 

Oribatula oblonga, 380. 

— plantivaga, Berl, 380. 

— tibialis , Berl., 380. 

Ornitkoorina, Orb., 314. 

Ornithoporo, Orb,, 314. 

— avicularia, Orb,, 314. 

Ornithoporina, Orb,, 31 4. 

— avicularia, Orb,, 314. 

— flabellata, Orb,, 315. 

— flabellata (?), 315. 

Orth otheci urn chryseum, Schimp.. 451. 
Owl, courtship activities, 280. 

Oxytricha peilionella, Kent , 457. 

— sp., 453. 

Pachychalina sp. (?), 500. 

Palaimchw , Woodw., 52. 

Paheogenetic and pnleeomorphic, use 
defined, 99. 

Palaeozoic Dipnoi, structure of (Watson & 
Gill), 163-216. 

Palps of Chlorops, 409. 

Papilio dardanus, Fair., mimicry in, 290. 
PavaglossFe of Chlorops, 408. 

Paralelapia nipponica, Hbsaw/t , 488. 
Parapostgenal thickening in Chlorops, 
406. 

Parasterina crassa, Fisher . 243; distrib., 
230. 

Parawaldeckia, St ebb,, 3. 

— kidderi, Tatt*, 2, 3, 18. 

— Thomsoni , Stebb., 3. 

Purharpinia, Stebb., 4, 5. 

— villosa, Stebb,, 2, 4, 18. 

Paroeciput of Chlorops, 405. 

Patellina, Williams 629. 

— corrugata, Williams ., 629. 

Patina (?) crassa , Gray, 243. 

Pavonine, Orb., 619. 

— tiabelliformis, Orb., 619. 

Peacock, courtship activities, 277, 280, 287, 
290. 

Peewit, courtship activities, 277. 

Pelican, courtship activities, 269, 282. 
Peltigera, Willd., mite on, 379. 

Peneroplis, Montf., 610, 

— carinatus, Orb., 610. 

— pertusus, Brady, 010. 

Penguins, courtship activities, 282, 285. 


Pennatulncea from Abrolhos, 21. 
Pentagonaster, C. F. Sckultze , mentd., 243. 

— diiheni, Gray, mentd., 238, 

— stibarus, H. L. Clark, 208; distrib., 

230, 232. 

Peutlandiat, mentd., 212-213. 

Peregrine, courtship activities, 280. 
Periscyphops prceconius, Budde-Bind, 108. 
IVtalomonaa angusta, 457, 465. 
1'etalostegus, Lev., 315. 

— bicornis, 315. 

Petrasia dura, Vosm ., 478, 498. 

Petrels, courtship activities, 281. 

Petricia obesa, H \ L. Clark *, 241 ; distrib., 

230, 232. 

— veruicina, mentd., 242. 

Phalanterium consociatum, Fres., 463, 405. 

— digitatum, Stein, 463, 465. 

— solitarium, Sandm *, 463, 464, 475 ; 

mentd., 457. 

Phaneropleuron +, mentd., 204, 212-213. 
Phaulocylliba virgata, JIalb 377-379. 
Pheasants, courtship activities, 277, 280, 
290. 

Phidiana iuca, 570. 

— lynceus, 570. 

Pliilvra brevis, 40, 54. 

— hevis, 72, 79. 

Philyxia uudecimspinosa, 54. 

Phloeodictyon abrolhosenis, Dendy*, 478. 
500,619. 

— sey clndlense, Bendy , 501. 

— sp., 501. 

Phoronis, Wriffht?, 393, 898. 

Phryganella, Penard, 470. 

— nidulus, Penard , 470. 

Pbyletic succession, 88. 

Phyllirhoe lichtensteini, Eschsch ., 522. 
Phyllomitus sp., 452, 465. 

Phyllntegeus paimiciuctum, Halb 379. 
Phoxus batei, Hasw., 5, 6. 

— villoHus, Hasw., 4, 5. 

Physcia, DC, mite on, 880. 

Pigeon, courtship activities, 276, 285. 
PlacobranchuB, Hass., 539, 540. 

— expansa, O’Don. 523, 539, 578. 
Placopsilina, Orb., 614. 

— cenomana, Orb., 614. 

Planicellaria, Orb. f, 315. 

— eocem^Mexm. St Peig. t, 313. 

— fenestrata, Orb. f, 815, 
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Planicellaria oculata, Orb . +, 315. 
Planispirina, Set/., 609. 

— auriculata, Egg., 609. 

Plankinastrella mammiliari s, Lendenf., 469. 
Plankton, Crustacean, of English Lakes, 

411-447. 

Plauorbulina, Orb., (535. 

— larvata, Brady , 635. 

— mediterranensis, Orb., 635. 

— rubra , Orb., 636. 

— vulgaris var. larvata, Park. & .Jones, 

<535. 

meconium ruyosum, lteuss, (518. 
Plectoptern, wing venation in (Till yard), 
143-161*. 

Pleurnbrauchus (pars), Bergh , 536. 

— cm at us, (\ heesm ., 538. 

Plover, Kinged, courtship activities, 287. 
Policella australis, Or ay, 21, 22. 
Polyaspinus cvlindricus, Berl., 37(5, 392. 
Polymastia, Bowerb ., 509. 

— lnauimillaris, Boicerb ., 479, 509. 
Polymorphic, Orb., 625. 

— commuuis, Orb., 625. 

— problenia, Orb., 625. 

— regina, Brady , Park. <$• Jours, 62(5. 
Polyphemus pedicul us, Straus, 425 ; distrib., 

* 414. 418, 424. 

Polyp tar us Ian®, 85. 

Polystomella, Lam., 640. 

— crispa, Brady, 640. 

— macella, Brady, 640. 

— millettiana, Heron- All. Earl., (540. 

— : stria to-p unc tat a, Brady, 640. 

— verriculata, Millett, 640. 

PolvtreniA, Bisso, 039. 

— miniaceum, Brady, 639. 

var. alba, Carter , 639. 

Polyzoa, Cellularine, 293. 

Pontharpinia, Stebb., 4. 5. 

— rostrata (Dana), 5, 6. 

— uncinuta, Che i\, 6. 

— villosa, Tatt. } 6. 

Porcellana, Klein, 28, 31, 56. 
Porcellauopagurus, Fill/., 26, 56. 
Poricellaria, Orb. f, 315, 322. 

— alata, Orb. f, 315. 

Porcellio oristatus, Doll/,, 107. 

Porocrinus, Bill., 94. 

Portunion, Gtard, 80, 90. 

Postgenro of Chlorops, 405, 


Potamobius, Leach, 39. 

Powder-post beetles, 217-227. 

Prionocidaris baeulosa var. aimulifera, 
Mortensen , 248 ; distrib., 232. 

— bispinosa var. chineusis, Ddderlein, 

248 ; distrib., 232. 

Prodiiiyclius, BerL, subgen., 379. 

Prorodon, Ehrenh., mentd., 47)0. 
Protereisnm sp.t, wing- veins, 144 161. 
Protoearcinus, 52. 

Protolcelaps, Berl., subiren., 363. 

Protozoa, 83 ; from Spitsbergen, 449. 
Psammopemma crassum, Lendenf., 479, 51 1 . 
Pseudoboletia indiana, A. Ayaesiz, 249: 
distrib., 232. 

Pseudoesperia carte ri, lh mhj *, 479, 500, 
503, 519. 

— enigmatica, 500. 

— trichopbora, Dendy *, 479, 509. 
Pterodoris, Elirenb., 553. 

- pi eta, Ehrenh., 553. 

Pteroides griseuin, 23. 

— hymenocaulon, Broch, 21, 23. 

— malayense, 23. 

— sp., 22. 

Ptilinum of Chlorops, 404. 

Ptychodera capen*is, Gilchr., 393-398. 

— flnva, 397. 

— minuta, 397. 

— natalensis, Gilchr., 393. 

— proliferans, Gilchr., 393-398. 
Pulvinulina, Park. # Janes, 036. 

— canariensis, Brady , 636. 

— concentrica, Park . # Jones, 036. 

— crassa, Brady, 636. 

— elegans, Brady , 637. 

— lateralis, Brady, 636. t 

— repanda, Brady, 63C. 

— Iruncatulinoides Heron- AH. & Earl., 

636. 

Pygopodes, courtship activities, 266. 

Quadrula irregularis, Arch., 453, 457, 471. 
Quercus Kobur, Linn., mentd., 219. 
Quinqueloculina auberiana , Orb., 607. 

— bicostata, Orb., 607. 

— bosciana, Orb., 606. 

— cofUorta, Orb., 608. 

— cuvier iana, Orb., 607. 

— dihtata , Orb-, 604. 

— ferussam, Orb.. 608. 



Quinqueloculina fusoa, Buidy, 608. 

— kerimbatiea , Cnshm., 60d. 

— omatmima, Karrer, 609. 

— schauimlandi, Cualim., 601. 

— seminuda, Orb., 605. 

— stelligera , Orb., 609. 

— striata. Orb., 609. 

— triangularis, Orb., 607. 

— tmdosa, Karrer, 607. 

— undulata, Orb., 607. 

— vulgaris, Orb., 606. 

— “ with oblique ridges ,” Park., 606. 

Rachocheris, March, 560. 

— laciniata , auct., 560. 

RamuHna, It Jones, 627. 

— grimaldii, SrMumb ., 627, 646. 

— proteiformis , Flint, 627. 

- sp. P, Heron- All $ 1 Earl, 027. 
anilia, M. Edw ., 48, 61, 63. 

— muricata, M. Edw., 26, 61. 

Kanina, Lam., 25-72 

— dentata, Lair., 25, 29, 36, 39, 48, 77. 

— marestiana, 52. 

Kaninella Trigeri, 52. 

— elongate, 52. 

Rarrinidsa, 25-79. * 

Raninoides, Edw., 66, 08, 69, 70, 71, 
73, 75. 

— personatus, White , 25, 77-79. 

— serratifrons, Headers., 74. 
Raphidiophrys brunii, Penard, 473. 
Razorbills, courtship activities, 281. 
Recapitulation restated, 81-101. 
'Redshank, courtship activities,' 287. 
Redstart, courtship Activities, 287. 

Remora, Will., 90. 

Reniera aquaaductus, 0. Schmidt, 476, 496. 

— cribncutLs, Bendy, 478, 497. 

— dura, Nardo, 498. 

— permollis, Tops., 497. 

— spp., 478, 498. 

Reproduction, asexual, in Ptychodera, 393. 
Reproductive organs in Coleoptera, 591 . 
Retepora cornea, Busk, 315. 

Retiflustra, Lev., 311, 315. 

— cornea, Hornier 315. 

— cribriformis, Lev., 3 15. 

— reticulum, 815. 

— schon&ui, Lev., 315. 

Rhabdophaga, Westw., 403. 

Rhabdozoum, Hincks, 815. 


Rhabdozcnun wilseni, Hwehs, 815. 
Rhacodes inscriptus, Koch, 103. 
Rhaphignathus clavatus, Bert, 385. 

— longipilis, Hath.*, 386. 

— patrius, Bert, var. brevipalpis, Trap., 

386, 392. 

var. truncatus, Halt.*, 886. 

— sp., 886. 

Robinia Pseudacocia, Linn., mentd., 219. 
RosaUna arattcana , Orb., 631. 

— ghbularis, Orb., 631. 

— lateralis, Terq., 636. 

— mediterranensis, Orb., 681. 

— poeyi, Orb., 630. 

— mgosa, Orb., 632. 

— vahulaSa , Orb., 082. 

— mlardehoana , Orb., 681. 

Rc»stanga pulchra, 566. 

Kotalia, Lam., 6.37. 

— beccarii, Orb., 637. 

— heccarii (pars), Balk. & Wright, 637. 

— elegans, Orb., 637. 

— - perl u cilia, He tan- Alt. fy Earl., 637. 

— pracincta , Karrer, 036. 

— spiculotesta , Carter, 017. 

Rotalina canariensis , Orb., 636. 

— crrtssa, Orb., 636. 

— ochracea , Williams., 616. 

— rosacea, ( >rb., 631 . 

— trunca t nlivoides, Orb., 636. 

— linger iatia, Orb., 635. 

Ruff, courtship activities, 277. 

Saccohi/dra, Bill., 815. 

— problematica, Bill., 315. 

Sagenella frondescens, Brady, 613. 

Sageniua, Chapm., 613. . 

— frondescens, Chapm., 618. 

Sagenodus, Owen t, structure, 163 186; 

mentd., 163, 190 215. 

— copeanus t, mentd., 181. 

— imbricatus t, 178. 

— inequalis, Owen t, mentd., 104. 

— obliquus t, 178. 

Sagrina, Park, fy Jones, 626. 

— colutnollaris, Brady, 696. 

— raphanus, Brady, 627. 

Sniuoui on, Sweden ♦, 459, 475 ; -mentd., 450. 

— mikroteron, Sandon *, 459 ; mentd., 450, 

460, 475. 

— oxu, Sandon *, 460; mentd., 451, 467, 

468, 476. 



Salicornaria, Schinz, 3 15. 

Salicornaria, Schweig., 315. 

— dichotomy Busk, 314. 

— dichotoma , Schweig., 303, 314, 315. 

— farciminoides . Johns!., 303. 

Sal&ornia , Blainv., 315. 

S&lraacis alexandri , Bell, 249. 

— virgulatii, Ay. I. )es., distrib., 232. 

— virgulatii alexandri, Diiderlein, 249. 

Salmo alpinus, 420. 

Salpiw/ia, Copp., 31(5. 

— hassallii, Cupp., 315. 

Sandon, A., Protozoa from Spitsbergen, 449. 
Sarcifluatra, Jull. ty Calv ., 311, 316. 

— abyssicobt, Jull. Calv., 310. 

Scaumenacia +, meutd., 212-213. 

SchmuUia dura , Bala., 498. 
iScirua inermia, Triuj., .'583, 392. 

Sciulm minutm , llalb.. 374. 

~ spnthnliyer , Leon., 374. 

Sciurus vulgaris Linn., 369. 

Scruparia , Oken, 316. 

— chelnta, Oken, 31(5, 317. 

— clavata , 11 nicks, 316. 

— diaphana , Busk, 314. 

— reptans, Verr., 316. 

Scrupocelloria (pars), 348. 

Scrupocellaria, Van Bated., 804, 316, 329, 

357, 308 ; bifurcation, 321, 322. 

— ubymcola , Kluge, .‘135. 

• -- antarctic# , Waters, 352. 

— avicularue , Van. & Ok., 351. 

— benemvnita , Jull., 334. 

— bertholietii, 358. 

— b if areata, lvluge, 356. 

— caberioides , Kluge, 335. 

— drygalskii, Kluge, 352. 

— ferox, 326, 359. 

— flagcUifera, Kluge, 343. 

— fuegemis , Waters, 356. 

— funiculata, Waters, 335. 

— gattssi, Kluge, 338. 

— marsupiata , Jull., 351. 

— p&rdtta, Kluge, 353. 

— simplex , Kluge, 353. 

— smittii , Waters, 362. 

— totofo, Kluge, 338. 

— tottfts, Kluge, 352. 

— vanhqffeni , Kluge, 353. 

— watet'si, Kluge, 353. 

Scrupacellaridie, 328, 338. 
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Gray, 31 6. 

Scupocellaria , Gray, 316. 

Scylia pelagica Linn., 522. 

Sea-pens from Abrolhos, 21. 

Seius bicornix, Can. & Fan., 375. 

— cornu tux, Kram., 300. 

— togatus, C. L. Koch, 374. 

Seiulus plumosus, Oudcm 369. 

Sejux bicornix, Can., 375. 

Selhia, Gray, 31 (5. 

— zvlandica, Giay, 310. 

Semiflustra, Orb., 308, 316. 

— bomb} cina, Orb., 308, 310. 

Serptila nuirginata, Walk. Sr Boy 624. 

— xeminulum, Linn., 600. 

Sertularia anguina, hmu., 297, 298, 304, .308* 

— avicularia, Linn.. 299, 300, 314, 

— bursaria , Linn., 311, 314. 

— chelata, Linn., 307, 310, 317. 

— ciliata , Linn.. 29«, 30(5, 307. 

— eornuta , Linn.. 307. 308, 317. 

— eburnea, Linn., 30(5. 307. 

— fuxtigiata , Linn., 300. 

— loricata , Linn., 307, 310, 312, 314. 

— neritina , Linn., 297, 299. 

— reptnx, Kll. & Sol., 310. 

— scrujmxa, Linn., 316. 

— spiral ix, Olivi, 309. 

Sida, St r aim t (crustacean), 415. 

— crystal lina, O. F. MuelL , 421, 42i\ 

4*39; distrib., 414. 

— limnetica, Burch., 440. 

Sigmosceptrella fibrosa, Dvndy, 479, 507. 
Siphluridue, mentd., 144. 

Skua, mentd., 268. 260. 

Sparrow-Hawk, courtship activities, 289. 
Sparrow, House-, courtship Activities, 2(57. 
Sputangus austrahmec, Leach, 261 . 
Spathidium, Zooss, 450. 

Sphrerostoma, MacGill. , 544, 564. 

— dakini, a Don., 523, 643, 545, 577, 678. 

— liombergii, 542. 

— Jameson it, MacGill., 542. 

Sphagnum pools Crustacea, 424. 

Spiralaria, Busk, 311, 316. 

— florea, Busk, 316. 

Spiralis, Lev., 316. 

Spirastrella vagnbunda, Midi., 479, 507. 
Spirillum, Lhrcnb ., 628. 

— campanula, Heron* All. Sr Bari. *, 028, 

629, 046. 

48 
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Hpirillina decorata, Brady , 628. 

var. uuilatera, Chapm ., 628. 

— limbata, Brady , 628. 

— lucida, 625). 

— revertens, Rhutnbl ., 625). 

— vivipara, Ehrenb ., 828. 

Spiroeulina, O/'A, 603. 

— acutimargo, Brady, 603, 604. 

— affixa, 7’cr^., 604. 

— anti liar urn, OrA, 003. 

— canaliculata, Or A, 603. 

— planiculata, Brady, 603. 

— tenuirostra, Karrer, 604, 646. 
Spiromouas angusla, Kent, 452, 463. 

— angustator, Duj., 457. 

Spirophora bacterium, Lendenf., 507. 

— digitata, Lendenf., 507. 

Spiroplecta, Ehrenb ., 620. 

— bi for inis, Brady , 620. 

Spitsbergen Protozoa, 445). 
Splanchnotroplms, Hanc. Norm,, 570. 

— brevipes, 565), 570. 

— gracilis, Ilanc. dj- Norm., 569, 571, 573; 

579. 

— sacculatus, O' Don., 571, 573. 

— sp., 570. 

Spongelia dakini, Dandy *, 475), 31 1. 

— incerta, Hyatt, 513. 

— spinoaa, Hyatt, 513. 

Sponges from Abrolhos, 477. 

Bpongia hilamellata , Lam,, 504. 

— palmata , Lam., 499. t 

SteyanoporeUa magnilabris , 304. 

Stellaster incei, Oroy, 238 ; distrib., 232. 
■Stelletta australiensis, Carter, 492. 

— brevis, Hentsch 478, 45K). 

— debilis, 478, 491. 

— sigmatriaena, Lendenf., 478, 491. 
•Steplianocrinus, Conr., 94. , 

Stiginrous antbrodes var. reticulatus, 

llalb. * 387, 392. 

Btirparia , Goldst., 295, 317. 

— annulatu, Goldst., 317. 

Stir pari a, Leach,, mentd., 317. 

Stirpariellu, Harmer, nom. nov. *, 295,301, 

3J7, 325-327, 359. 

— annulata, Harmer*, 317. 

— carabalea, Leo., 326. 

— zauzibariensis, Waters , 325. 

Stolonella, Hatchs , 317. 

— clausa, Hincks, 317, 


Strophidium, term defined, 33. 
Stylonychia sp., 453. 

Suberites a apt us y Lendenf., 508. 

— spitsus, Tops., 508. 

Swans, courtship activities, 278, 281, 
289. 

Swartzia montana, Lindb., 450. 

Sycon gelatinosum, Blainv., 477, 483. 
Synnota, Piep., 317. 

Synnotum, Hincks, 310, 313, 317. 

— tegyptiacum, Iiarmer *, 317. 

— aviculare, Hincks, 317. 

Synura uvella, Ehrenb., 450. 


Tabanus, Linn., 403, 409. 

Tams, Crustacea, 422. 

Tarsonemus brevipes, 382. 

— culmicolus, Bent., 381. 

— floricolus, 382. 

laticeps, Hath. *, 381, 392. 

— spiriiex, March., 382. 

Tattersall, W., Abrolhos Amphipoda and 
Isopoda, 1-19. 

Tauroglossas, Speng., 393. 

Tentorium of Chlorops, 35)9-403. 
TerniceUarin, Orb., 317, 353. 

— aculeatu, Orb., 317. 

Terrestrial lsopods, 103, 107. 

Tethea robnsta, Bowerh., 495. 

Tethya diftoni, Ridl., 495. 

— globostellata, Lendenf., 495. 

— inyalli, Kirkp., 495. 

— lyncnrium , Row, 495. 

— multidella, Lendenf., 495. 

Tethyophana siUeifica , O. Schmidt, 508. 
Tethys, Linn., 527, 528. 

— denismi, 523, 531, 577, 678. 

— gigantea, 522, 523, 528, 529, 531, 683, 

577, 578. 

— punctata, 529, 531, 632. 

Textularia, Defr ., 617. 

— abbreviate, Orb., 618. 

— agglutinans, OrA, 618. 

var. abbreviate^ Park. & Jones, 615, 

618, 619. 

var. biformis, Park. & Jones, 620. 

— candeiana, Orb. f 618. 

— conica, Orb., 619. 

var. jugosa, Jones $ Miilett, 619. 

— crispataj Brady, 617. 
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Textularia folium, Park . Jones, 617. 

— grainen, Orb., 616, 618. 

— inconspicua var. jugosa, MiUett, 61 7. 

— rhomboidalis, Millett, 617. 

— rugosa, Broth/, 618. 

— sagittulu, Defr., 61 8. 

var. listulosa, Brady , 618. 

— variabilts , Williams., 622. 
Thalassodendron typica, Wbitel., 504. 
Theca of Chlorops, 408. 

Theria, Hub., 88. 

— rupica prana, 88. 

Thia polita, 57. 

Thiolliericrinurt, Etallon, 95. 

Tilljard, 11. J., Wing- venation of the order 
Plectoptera or Mayflies, 143-162. 
Titioporus baculatus , Carp,, 638. 

Tipula, Linn., 409. 

Tormm of Chlorops, 403. 

To.rema tubuluta , Halim., 5 03. 

Taxopncmtes indianm , Michelin, 249. 
Trachya durmima, Carter, 509. 

— ylobosa, Carter, 509. 

var. rugosa , ( 'arter, 509. 

— horrida , Carter, 509. 

— pernucleata , Carter, 508, 509. 
Trucbycladus lrevispirulifer, Carter, 479, 

506. 

Trachynotus try rota var. pyri/ormis, Berl., 
376. 

— tegrota , C. L. Koch, 376. 

— lambda, C. Koch, 376. 

— minima, 7V«y., 377. 

— pi, Berl., var. pauperior, Berl., 377. 

— pyriformis, Kram., 376. 

— tubifera, C. L. Koch, 376. 

Trachytes pyriformis, Kalb. *, 876. 
Trachyuropoda ctespitum, 379. 

— celtica , Ilalb., 378. 

— cordieri, Berl,, 378. 

— trogul aides, Can. $ Fan., var. celtica, 

Kalb.*, 378,392. 

Trevelyaua, KeL, 547. 

Tricellaria, Flew., 300, 304, 317, 324, 327, 
329, 343, 357, 358. 

— aculeata, Banner*, 355, 356, 359. 

— aculeata , Orb., 317, 326. 

— longispinusa, Manner *, 357. 

— monotrypa, Manner *, 355. 

— occidental is, Manner*, 354. 

— — var. dilatata, Ortm., 327, 359. 


Tricellaria peachii, Manner *, 325-327 , 
329, 355, 859. 

— pribiloii, Manner *, 354. 

— sym podia, Harmer *, 355. 

— ternata, Manner *,317, 324, 354, 359. 

var. gracilis Manner *, 354. 

Triloculina circular is, llornem., 604. 

— labiosa , Orb., 604. 

— Itcviyata, Orb., 606. 

— linneiana, Orb., 609. 

— reticulata, Orb., 608. 

— rotundata, Orb., 606. 

— tricarinata, Orb., 605. 

— triyonula , Orb., 605. 

— valvular is, lteuss, 1504. 

— webbiana , Orb., 605. 

Trinema coniplanatiun, Penard , 453, 454, 
473. 

— enchelvs, Ehretth., 458, 457, 472. 

var. galeata, Penard, 453, 473. 

— line are, Penard, 453, 457, 472. 

Triopa clavigera , Johust., 564. 

Triplicates gratilla, Lov4n, 249; distrib., 

232. 

Tritaxiu, Jleuss , 619. 

— lepida, Brady, 019. 

Tritonia , Cuv., 542, 564. 

— clavigera, Rafin., 564. 

— hombergii, Cuv., 542, 564. 

Tritonium, O. F. Muell. , 564. 
Trochammina, Park. Jf* Jones , 616. 

— dnflata var., Balkvv. & Wright, 616. 

— ochracea, Millett, 616. 

— rotaliformis. Heron- All. 8/ Earl., 616. 

— squamala, Jones 8/ Park., 616. 

— vesicularis, Go’ek , 616. 

Truueatulina, Orb., 635. 

— lobulata, Brady, 6.35. 

— praecincta, Brady, 636. 

— rcfulgeus, Brady, 635. 

— ungeriana, Bmdy, 635. 

— variabilis, Orb., 635. 

Tuberella, Kell., 509, 

— aaptos, Lendeuf., 508. 

— Duchassainyi, Tops., 508. 

— tethy aides, Kell., 508, 509. 

Tubucellaria, Orb., 315. 

Tubular in Jistulosa, Linn., 301, 302. 

— mmcoides, Linn , 309. 

— ramom, Linn., 309. 

— salteomis, Esper, 303. 



672 


INDEX. 


Turnstone! courtship activities, 287. 
Tylot laireillet, Aud. & Sav., 108. 


Ulidium, S. Wood, 313, 317. 

— charlcnoorthii , S. Wood, 313, 317. 
Umbrella-bird, courtship activities, 277. 
Untcellarta , Blainv., 317. 

— appendiculata , Blainv., 317. 

— chektta, Blainv., 317. 

— carnuta, Blainv., 317. 

— tofoyi, Blainv., 31 7. 

Uniophora dyscrita, if. L. Clark *, 244; 

distrib., 230. 

Uroglena, Ehrenb ., 430. 

Uroleptus mobilis, Enyelm ., 457. 

Uronema sp., 457, 468. 

— schewiakoffi, liuddenb ., 468. 

Uronemus f, mentd., 163, 215. 

— splendens (7r«y.) t, structure, 201- 

204, 213-215. 

Uropoda obscura, C. £. AbeA, 377. 

(Jroseius acuminatus, C. X. Koch, 377. 
Uvigerina, OrA., 626. 

— angulosa, William 626. 

— porrecta, Brady , 626. 

— pygraeea, 0rA., 626. 

— raphanu * , Park. & Jones, 627. 

— selseyensis, Iler ym- A II. $ Earl., 626,^ 

646. 

#■ 

Veretillum austral e, AwA. Brock, 22, 

— malayanse, Hickson, 21. 

Vermiculum latve, Mont., 624. 

— oblonyum, Mont., 606. 

— squamosum, Mont., 624. 

— subrotundum, Mont., 605. 

Vemeuilina, Orb., 619, 

— polystropha, Brady, 61 6. 

— propinqua, Brady , 619. 

— spinulosa, Brady , 619. 

Vertex of Chlorops, 405. 


Vespertilio dasycneme, 369. 

Vmcularia fragilie, Defr. t, 311.* 

Virgularia slogans, Gray, 21. 

Ydfrax, Linn., in Highlow Tarn, 424. 
Vorticella, O. F. Muell. , mentd., 450. 

— microstoma, 457. 

Vorticella, Esper, 305. 

— polypina, Esper, 305. 

— polypina, L., 805. 

Vosmaeropsis mackinnoni. Bendy * 477 r 
483, 518. 

Waldeckia, Cftew., 3. 

Walnut, “ Italian," mentd., 219. 

Warblers, courtship activities, 275, 277, 
281. 

Wastwater plankton, 421. 

Watersia, Lev., 317. 

— militaris, Lev., 3] 7. 

Watson, D. M. S., and E. L. Hill, Structure 
of certain Palaeozoic Dipnoi, 168- 
216. 

Xylotroyus brunneus, Steplu, 217. 

Yvesia spinulata, Hentsch., 505. 

Zanclifer, 58, 66, 67. 

— caribensis, Eremin., 26, 60, 

Zercon bicornu , Berl., 376. 

— ornatus, Berl., 375. 

— perforatulus, Berl., 3 75. 

— radiatus, Berl., 375. 

— tragardhii, Halb.*, 375, 392. 

— triangularis, C. L . XTocA, 373. 
Zerconopsis, Hull, 374. 

— minutus, Hull, 374. 

Zercoseius, Berl., subgen., 374. 

Zygoptera, mentd., 143. 

Zygotes, phyletic succession, 8*3. 
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